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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 

Food and Drug Administration 
Washington, DC 20204 

OCT -8 1999 

Nature’s Marvel International 
U.S. Division 

168 1 Alta La Jolla Drive 
La Jolla, California 92037 

Dear Sir: 

. 

I 

This is in response to your letter to the Food and Drug Administration (FDA) dated 
September 24, 1999, making a submission pursuant to 21 U.S.C. 350b(a)(2) (section 4 13 
of the Federal Food, Drug, and Cosmetic Act (the Act)) and 2 1 CFR 190.6. In your letter, 
you notified FDA of your intent to market Lo Han Kuo Fruit Extract (Siraitia grosvenorii 
(swingle) C. Jeffrey), a substance that you assert is a new dietary ingredient. 

The Act, as amended by the Dietary Supplement Health & Education Act of 1994, defines 
the term “dietary supplement” to exclude products represented for use as conventional 
foods. 21 U.S.C. 321(ff)(2)(B). In your submission, you state that the ingredient Lo Han 
Kuo is a new, natural food sweetener. You state in your submission that this ingredient is 
intended to be used as a sweetener in foods such as low calorie diet and drink 
supplements, it is a safe alternative to other sweeteners such as saccharine, duicin, and 
sodium cyclamate, and it can be used in place of sugar as a sweetener. Given the 
representations made for this product, as cited above, the product is not a dietary 
ingredient within the meaning of 2 1 U.S.C. 32 1 (fl) and, therefore, cannot be a “new 
dietary ingredient” under 21 U.S.C. 350b. Because Lo Han Kuo is not a new dietary 
ingredient, it is not subject to the notification requirements in 21 CFR 190.6. 

Instead, Lo Han Kuo is a conventional food ingredient; Under the Federal Food, Drug, 
and Cosmetic Act, any ingredient intentionally added to a conventional food must be used 
in accordance with a food additive regulation unless it is generally recognized as safe 
(GR4S) among qualified experts for its intended u.>~ ~0 in food. A food ingredient that is 
not GRdS or an approved food additive causes a food to be adulterated under 21 U.S.C. 
342(a)(2)(C) and cannot be legally marketed in the U.S. If you intend to market Lo Han 
Kuo as an ingredient in food, it must be an approved food additive or it must be GRAS. 
Any questions regarding the marketing of this substance in conventional foods should be 
directed FDA’s Office of Premarket Approval (HFS-200), 200 C St., SW, Washington, 
DC 20204. 
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Please contact us if we may be of further assistance. 

Director 
Division of Programs and Enforcement Policy 
Office of Special Nutritionals ! 

Center for Food Safety 
and Applied Nutrition 



NATURE’S MARVEL 
September 24,1999 

Office of Special Nutritionals 
Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
200 c St. SW 
Washington, DC. 20204 

NEW DIATARY INGREDIENT PREMARKET NOTIFICATION 

NAME OF DISTRIBUTOR. NATURE'S MARVEL INTERNATIONAL 
ADDRESS. 1681 ALTA LA JOLLA DRIVE. LA JOLLA, CA. 92037 
NAME OF THE DIETARY SUPPLEMENT. LO HAN KU0 FRUIT EXTRACT. MOMORDICA GROSVENOR: 

SIRAITA GROSVENORI. LO HAN KU0 GLUCOSIDE. 
DESCRIPTION, CONDITIONS OF USE, LEVEL OF USE, PLEASE SEE ATTACHED 
RECOMMENDED USE LEVEL IN ALL FOODS. 0.25% 
SUGGESTED LABELING. EXTRACT OF THE FRUIT OF PARADISE, LO HAN KU0 FRUIT EXTRAC' 

NATURE’S MARVEL INTERNATIONAL 
US. DIVISlON 

OFFICE OF STEVE BANYAN 
1681 Alta La Jolla Drive l La Jolla, California 92037 l Phone 619.456.4501 Fax 619.459.2428 



1. Brief Introduction of the.Extract and the Major Technical 

Requirements 

Lo-HAN-KU0 [Siraitia grosvenorii (swingle) C. Jefiey] is a calabash plant, whose ripe 

fruits are used for health purposes and as a dietary supplement. It is one of the traditional 

export items from China. After 1949, it’s production has made a priority, especially during 

the 7th - 5 year planing period of the Chinese Government, tinding was increased, more 

manpower and equipment were provided for producing the LO-HAN-KUO. Due to 

production increases, selling the extra fruit became a problem. This led to a desire to 

develop more applications where the LO-HAN-KU0 can be used. Due to this urgent need 

to develop more uses for LO-HAN-KUO, and the research funding provided by the China 

Bank of Agriculture and Investment, led to a series of achievements. It is summarized as 

follows: 

1) For the first time the chemical compositions of the fresh fruit of the LO-HAN-KU0 

have been determined. There are 5 calabash triterpene glucosides. From the structural 

studies. ir was found that 3 of them are very sweet, and one of them is found the first 

time that it is the natural sweetner glucoside. NMR techniques were used for the 

structure determination. We also first time discovered the flavone compositions in the 

LO-H.AN-KUO. We isolated and determined the structures of the grosvenorine from 

the new tlavone glucoside. Those results are very useful for discovering the other 

applications. 

2) New techniques for the extraction process have been developed. A resin extraction 

method was used which included deposing, regenerating the resins and product 

refinev. Large scale tests were done many times and then scaled up to a pilot plant 

with a I .5 ron production scale. It has been proven that the technique has a short 

cycle, there is no need for special equipment, it is easy to operate, high production 

yields and batch to batch reproducibility is very high. The resin is easy to regenerate, 

produces less waste and generates no hazardous waste. This technique has been 



approved for use in part of the production. The herbal extract manufactured from 

LO-HAN-KU0 by using this process has 70% of the total glucosides content and the 

sweetness is 210 to 250 times sweeter than sugar, depending upon application. The 

recovery for fresh fruit is 1 % and 3 % by weight for the dried fruit. 

3) First time regulated the quality assurance procedures, and the standard operating pro- 

cedures and those are in effect. 

, 



2. Prospect of the Product and the Benefit 

This study was based on using the fresh fruits. LO-HAN-KU0 is specially grown in China. 

It grows around many southern Chinese provinces, and has a high yield and many 

suppliers. Due to the increasing growth of the plant, there is a large supply of the raw 

material. 

Compare LO-HAN-KU0 herbal extract with the synthetic sweetner, such as saccharine, 

duicin and sodium cyclamate, the biggest advantage of using LO-HAN-KU0 is that LO- 

HAN-KU0 is safe. is not hatil or toxic to the body. Regular sugar causes tooth decay. 

People gain weight from the calorie and human ‘immune system is decreased. It can 

increase the fat content in the blood and cause blood vessel narrowing. For those synthetic 

sweetners. the toxicity has been tested and some of them have been limited or banned in 

some of the countries. LO-HAN-KU0 has a high sweetness. It is about 210 - 250 times 

sweeter that sucrose so the caloric content of LO-HAN-KU0 is minimal. It is very 

suitable for low calorie diet and drink supplements, for diabetes patients, people who are 

overweight and those people who have arteriosclerosis diseases. Meanwhile, LO-HAN- 

KU0 is very soluble in water and ethanol and it is very thermostable. It does not 

decompose under continuous heating at 100°C for 5 hour and at 120 “C for 12 hour. This 

property made the process of beverage manufacturing and disinfective process as much 

easier. LO-HAN-KU0 is non-fermentable and it is resistant to molding. It can be stored 

for long period of time, and has no strange smell, tastes good and smells good. 

Since the fresh LO-HAN-KU0 is quickly processed, it reduces the loss caused from 

moldy fresh fruits from storage. It requires less storage space and also cuts down the 

storage maintenance, disinfection and transportation. This reduces the cost. The by - 

product from the new technique can also be used for some other purposes, this becomes 

very economical. 



3. Reviews from the Appraisal Committee 

The extract of LO-HAN-KU0 is an extract from the natural plant specially produced in 

China. The ripe fruits are used as food and in Chinese medicine. It has been an export item 

for China for a long time. Since the collaboration between GuangXi YongFu LO-HAN- 

KU0 Manufacturer and the Department of Plant and Development from the Chinese 

Academy of Medical Sciences. they have discovered a new sweetner only available from 

China. LO-HAN-KUO’s glucoside is 210 times sweeter than sucrose. A new natural 

sweetner is generated for both domestic markets and the international market, it will 

benefit the Children. elderly people. and people who need to reduce their sugar intake 

(such as diabetes patients. overweight people, high blood pressure patients, people having 

heart disease). LO-HAN-KU0 glucoside has high sweetness, low caloric content, only use 

a small of amount. It tastes good and it is a substitute for sugar used for foodstuff, 

beverages. medicines. and other industries. It has a great future. 

We have reviewed the production process and the quality assurance standards. By using 

the process which uses the resin to extract the giucoside from LO-HAN-KU0 fresh fruits 

has generated better quality products. It also generated high yields from a number of large 

scale trials. and 3 production batches from the pilot plant. This process requires fewer 

production steps, less investment, and produces consistently high quality product from 

batch to batch. It is also easy to operate and produce no environmental pollutions. 

Scientifically and economically, it makes more sense. 

We also reviewed the initial discovery of the chemical composition analysis fi-om the fresh 

LO-HAN-KU0 fruit. Five calabash triterpene glucoside and one flavone were found from 

the extraction of fresh fruit. a new natural glucoside was also found - a new LO-HAN- 

KU0 type flavone. New technologies were used for determination the chemical structure. 



It is a very diflicult research. The organic and inorganic structures attach to the glucoside 

are also analyzed. This provided scientific evidence for the development and the utilization 

of this product. 

This JeSeaJCh is correct and reliable. It targeted the right thing. it has a full data to support 

the results. It is a new natural sweetner that can be used in the food industry. The new 

production process is advanced. The new discovery of the new natural sweetner and the 

utilization of the by -products will benefited the domestic and international markets. It also 

increases the economic value of the LO-HAN-KUO. It improves the economic 

development for the grown area and improve the living standards for the farms. It will 

create a new utilization of the natural resources. 

Based on those considerations, we highly recommended to award this research. 

Approved by Wang Zhenggang and Chen Xiaoshu 

l/l l/1993 



4. ReGew Results form the Organizing Committee 

.4ppro\.ed b!. the committee 

Sealed by 

the Chinese Academy of Medical Sciences 

6/4/l 993 

. 



5. Review Results from the Appraisal Committee 

Approved by the committee 

Sealed by the Chinese Academy of Sciences 

6/4/l 993 

6. Documentation Provider and the Name of the Company 

A Corpus of Research and Development of LO-HAN-KU0 Extract 



GuangXi YongFu LO-HAN-KU0 Manufacturing Standards 
Q/452325 LGZ X50 02-92 

1. Scope and Contents 

This procedure has set a number of standards for the manufacturing requirements, testing 

methods, QC and QA procedures, packaging, storage and transportation. 

This procedure is suitable for fresh LO-HAN-KU0 and dry LO-HAN-KU0 as the raw 

materials. 

2. Manufacturing Standards 

GB 601 Manufacturing method for Chemical Reagents and Standard Solutions. 

GB2760 Hygiene Standards for Food Additives 

GB4789.2 Microbiological Testing for Food and Hygiene. Total Microbe Determination 

GB4789.3 Microbiological Testing for Food and Hygiene, Salmonella Determination 

GB4789.4 Microbiological Testing for Food and Hygiene. Pathogenic Bacteria 

Determination 

GB5009.3~85 Water Content Determination in the foodstuff. 

GB5009.4~85 Dust Determination in the foodstuff. 

GB5009.11 Total Arsenic Determination in the foodstuff. 

GB5009.12 Total Lead Determination in the foodstuff: 

GB77 18 Labeling Standards for Foodstuff 

ZBXS 1003 Testing Standards, Regulations, Packaging, Transportation, Storage Standards 

for Fragrant Fruit Type Solid Drinks. 

GuangXi YongFu LO-HAN-KU0 Manufacturer Approved on 9/2/1992 and Effective on 

9/2/l 992 



3. Technical Requirements 

3.1 Apparent 

It should be a light yellow or yellow power, has special fragrance, very sweet and very 

soluable in water and ethyl alcohol. 

3.2 Physical Properties 

Table 1 

Items 

Content % 

Sweetness 

Absorption E.3q6rcm 410 nm 

Dust % 

Water Content % 

Pb mg/kg 

As mglkg 

Specifications 

> 70 

>210 

co.4 

co.9 

<9 

Cl.0 

co.5 

3.3 Identification 

Take exactly of 10 mg of the sample, dilute it in 1 ml of MeOH, make sure it is dissolved. 

make it as a sample solution. Take 10 mg of LO-HAN-KU0 standard and make a 

standard solution as the one you made for the sample solution. 

Using TLC test to make sure the sample TLC spots match the standard TLC results ( 

Attachment 2: 1990, volume 1 Appendix, Page 57 TLC method). 



3.4 Microbe Standard 

Table 2 

Items 

Total Microbe #/gram 

Salmonella #/gram 

Bacteria #/gram 

Live mites, eggs #/gram 

Specifications 

<lOOO 

Undetectable 

Undetectable 

Undetectable 

4. Testing Procedures 

4.1 Test by Appearance and Taste: 

Take 10 g of the sample, use eye to check it’s color. It should be light yellow or yellow, it 

should have a nice fragrance. Take 5 g of it, dissolve it in water. The resulting solution 

should be tasted very sweet. 

4.2 Physical Test: 

4.2.1 Content determination 

Generate a standard curve: 

Weigh exactly 30 mg of LO-HAN-KU0 reference standard and add to a 5 ml volumetric 

flask. add 70% ethanol in water and dilute to mark and shake. Take exactly 10, 20, 30, 40, 

50, ul to 10 ml test tubes which can be capped. Use hot air to evaporate out the solvent 

(Not too high temperature) add 0.2 ml of freshly made 5% vanillin - glacial acetic acid 

solution and add 0.8 ml of perchloric acid, heat it in 60 ‘C water bath for 15 minutes, take 

it out and cool it with cold water immediately. Add 5 ml of glacial acetic acid, shake. Use 

the solvent as the blank, to generate a concentration vs. absorbance curve at 590 nm using 

spectroscopy (the spectroscopic method is described in Appendix 1: Volume 1, page 5 1, 

1990 Chinese Pharmacopoeia). All the test should be done with one hour. 

Concentration Determination: 



Weigh exactly 30 mg of sample, dissolve it in 5 ml volumetric flask with 70% ethanol, 

diluted to mark, shake it well. Dilute 40 ul of the solution to a 10 ml test tube with cap 

and determine the absorbance. The concentration of the sample from the standard curve 

and calculate the concentration as follows: 

Content X = c /(8 * W) x 100% 

c: Concentration obtained from the standard curve (Unit, pg) 

W: Sample weight (unit: mg) 

4.2.2 Sweetness Test: 

Compare the 2% sucrose solution with 2 10 fold dilution of the 2% of the LO-HAN-KU0 

solution. 

4.2.3 Absorption Determination: 

Weigh sample and make up a 2 mg/ml solution and determine the absorbance 

(Spectroscopic method is in Appendix 1: Volume 1, page 5 1, 1990 Chinese 

Phamacopoeir) at 410 nm. 

4.2.4 Dust Determination: 

Under the guidelines of GB 5009.4 -85 

4.2.5 Water Content Determination: 

Under the guidelines of GB 5009.3 -85 

4.2.6 Lead Content Determination: 

Under the guidelines of GB 5009.12 

4.2.7 Arsenic Content Determination 

Under the guidelines of GB 5009.11 

4.3 Identification: 

Weigh 10 mg of the sample. add 1 ml of MeOH to make sure it dissolves. Use it as sample 

solution. Weigh 10 mg of the LO-HAN-KU0 reference standard and make up the solution 

in the same way. 



Run TLC tests (Attachment 2: 1990, volume 1 Appendix, Page 57 TLC method). Spot 

both reference standard and sample, develop in CHCls - MeOH - Hz0 (40: 23: 5). Spray 

with 10% phosphomolybdic acid in ethyl alcohol, heat at 110°C for 5 minutes. The spots 

shown on the TLC plate for the sample should match Rf the spots of the reference 

standard. 

4.4.1 Total Microbe Determination 

Under the guidelines of GB4789.2 

4.4.2 Salmonella Determination: 

Under the guidelines of GB4789.3 

4.4.2 Pathogenic Bacteria Determination 

Under the guidelines of GB4789.4 

5. Quality Assurance Regulations: 

5.1 Each cycle of the production has one batch number. 

5.2 Samples are random tested with each batch and once it passes all the requirements, it 

will be issued a pass certificate before the product can go out of the factory. 

5.3 Under the normal production conditions, bacteria level, dust content, water content, 

absorption. and sugar content are mandatory tested routinely on every batch. Other tests 

are done randomly at a regular basis. 

5.4 If is test is failed, a second test can be done. If the second test still failed, then those 

batches will be failed. 

5.5 During the guarantee period, if there is concern from the customer about the quality. 

The problem can be discussed or brought to an arbitrator. If the quality problem is due to 

the inappropriate transportation, or storage, the manufacturer will not be responsible for 

the loss. The transportation, storage firm should be responsible. 



6. Label, Packaging, Transportation and Storage 

6.1 Label 

The label should have the product name, manufacturer name, address, registered trade 

mark. production date (or batch #). expiration date, product standard code and net weight. 

6.2 Packaging 

All the packing material should meet the requirements of “ The People’s Republic of 

China Food and Hygiene Regulations (trial version)“, Under the guideline of GB 10790. 

6.3 Quality Guaranteed. 



2 Chang Qi 

3 

4 

5 

6 

7 

Name 

Jiang Chunfa 29 BS or above 

Si Jianyong 30 BS or above Pharmacy 

Liu Xibin 58 BS or above Mechanics 

Shen 
Liangang 

Huong Bin 26 BS or above 

Age Education 
51 BS or above 

30 BS or above Pharmaq Associate 
Scientist 

Chemical 
Engineering 

Engineering 

Associate 
Scientist 

Senior 
Scientist 

22 Vocational School Technician 

Chinese Associate 
Medicine Scientist 

Name List of the Major Contributions 

h4ajor Title 
Oqpic 
Cliemisl~ 

Scientist 
Company 

Plant Dept. of the 
Chinese Academy 
of Sciences 

Plant Dept. of the 
Chinese Academy 
of Sciences 
Plant Dept. of the 
Chinese Academy 
of Sciences 
Plant Dept. of the 
Chinese Academy 
of Sciences 
Plant Dept. of the 
Chinese *Academy 
of Sciences 
Plant Dept. of 
the Chinese 
Academy of 
Sciences 
Plant Dept. of 
the Chinese 
Academy of 
Sciences 

Major Contributions 
Project leader for 
chemical analysis and 
quality assurance and 
production design 
Chemical analysis, 
technical requirements 
and quality research 
Technical 
requirements 

Chemical analysis and 
production research 

Coordinator and 
process testing 

Process research 

Process testing 



Name List of the Appraisal Committee 

Title in the Committee Name Company klajor Title ’ .- Signature 
Chairman Wang Zhenygang - hledical Research Institute Pharmacy Scientist Signed 

of the Chinese Academy of 
Sciences 

Vice Chairman Chen Xiaoshu Nutrition and Foodstuff Nutrition Scientist Signed 
Research Institute of China 
Academy of erevention 
Medicinal Science 

Member Shen Guohua Beijing Foodstuff Research Foodstuff Senior Scientist Signed 
Institute 

Member Zhang Yuzhong Chinese Medicine Research Analytical Chemistry Scientist Signed 
Institute 

Member .Sha Shiyan Medicinal Research Analytical Chemistry Scientist Signed 
Institute of the Chinese 
Academy of Medical 
Sciences 

Member Sun Weillian Plant Research Institute of Plant Chemistry Scientist Signed 
the Chines Academy of 
Medical Sciences 

Member Bi Zhi Sino-Japanese Hospital Plant Chemistry Scientist Signed 
Clinical Research Institute 



The Certificate of the Glucoside of the LO-HAN-KU0 
as a Dietary Supplement 

Glucoside of the LO-HAN-KU0 is an extract from the fresh fruit LO-HAN-KUO. It is a 

dietary supplement. It is co-developed by the Plant Resources Research Institute of the 

Chinese Academy of Sciences and GuangXi YongFu Manufacturer. It is a dietary 

supplement and only available in China. 

LO-HAN-KU0 has been used as a fiuit, summer beverages and it has been used as a 

Chinese healthful herb by the people of GuangXi and GuangDong Provinces. It was 

recorded in 1997 in the China Pharmacopoeia as a Chinese herbal extract. In 1987, LO- 

HAN-KU0 was listed as the first group of items that can be used as a dietary supplement 

by the Administration of Chinese Medicine of the Ministry of Hygiene. It showed that LO- 

HAN-KU0 is safe for human consumption. The glucoside is the main content in the LO- 

HAN-KUO, and is useful as a dietary supplement. 

GuangXi YongFu Manufacturer 

6/3/l 997 

Attachments: 

LO-HAN-KU0 glucoside production diagram 



2. The Modern Research of LO-HAN-KU0 

2.1 In 1975, it was reported by Lee, et al[l] that there was a triterpene contained in LO- 

HAN-KUO, but there was no structure. In 1983, Takekimatsuhar from the University 

of Dedao in Japan discovered that LO-HAN-KU0 contains much fructose. They also 

found that 3 kind of sweet LO-HAN-KU0 glucosides. All those discoveries were 

done with the commercial available LO-HAN-KU0 sold in Hong Kong. Later he 

isolated and structurally determined 7 components from the LO-HAN-KU0 purchased 

in Macao. In 1992, Chen Dihua from the Department of Plant Resources and 

Development of the Chinese Academy of Medicinal Sciences did further research on 

the chemical composition. He was able to isolate 6 kinds of glucoside. There were also 

results on isolated glucoside and its contents of low molecular weight sugar, hydrolysis 

amino acids, some of the vitamins, fatty acid and inorganic compounds. Before Chen’s 

research. Xu Weiqun from GuangXi Plant Research Institute also did the measurement 

of the amino acids content. Zhao Jif$ et al did the sweetness testing: Chen Hongbing 

(from the Plant Resources and Development of the Chinese Academy of Sciences) did 

the toxicity studies on the LO-HAN-KU0 extract. 

2.2 Takekeharu [2] determined there are mogrosides IV, formula CL4Hg2024 l H,O, 

mogroside V, formula C60Hi02029* Hz0 and mogroside VI, formula C&Hi12034 from 

the dry LO-HAN-KUO. They also determined the glucoside on V - is mogrol and its 

glucoside structure [3]. it is approved as triterpene. 

2.3 Matsuki [4] separated and determined 7 components. Including the structures 

mentioned above, mogrosides IV, and mogroside V, there was also siamenoside I, 

formula C54H92024 l 7/2 H20,ll - DXO - mogroside V, formula C,&Ii~~O~~ l 7/2 

H20, mogroside II E, formula &HsZOi9 and a very small amount of mogroside III, 

formula C~sH820r~ (compare with the mogroside III E, they are sterioisomers, they 

have different optical properties). Siamenoside I was determined as the sweetest 

triterpene. the sweetness is 563 times sweeter than 5 % of regular sugar when the 

concentration is diluted to I / 1 ,OOO,OOO. 



2.4 Chen Dihua. et al[6] did further research with the fresh LO-HAN-KUO. They 

obtained the total glucoside and then isolated the mogroside II E, mogroside III, 

mogroside IV, mogroside V and the new discovery of the neomogroside, formula Ch6 

Hi i20J4. Among them, mogroside is the main component of the LO-HAN-IWO, 

which takes up to 0.5 % of the total weight of the fresh LO-HAN-KUO. They also 

found two kinds of flavones, the structure is -3-0-a-L- rhamnose- 7 - 0- /3 - D- 

Glucosido-( l-2)- a -L- Rhamnose and phenyl -3, 7- a -L- dirrhamnoside. The first one 

is the natural product. Later on they determined the remaining product other than the 

extract. They were able to determine the low molecular weight sugar, hydrolyzed 

amino acids, some of the vitamins, fatty acids, and some of the inorganic component. 

The oil extracted from the solid waste takes about 0.8 % of the total fresh weight. It 

contains unsaturated fatty acid (49.9 %), saturated fatty acid (7.7 %), palmic acid (7.2 

“A) and stearic acid (4.4 %). Vitamin A in the oil is 8 II-J/g. Other than the extracts, 

there are glucose which takes up 0.8 % of the total weight of the fresh fruit, fructose 

which takes up to 1.5 % of the total fresh weight, vitamin B 1, B2 which take up to 

3.38 % and 1.23 % (mgg). The hydrolysis of various amino acids and the content is 

listed in Table 1. 



Table 1 - Hydrolysis of the Various Amino Acid and their Content: 

Amino Acids 

aspartic acid 

threonine 

serine 

glutamic acid 

glycine 

alanine 

cystine 

valine 

methionine 

isoleucine 

leucine 

tyrosine 

phenylalanine 

lysine 

histine 

arginine 

proline 

total 

Contents g/l00 g 

Fresh LO-HAN- water after removed solid waste 

KU0 after removal the sugar content 

water 

0.9 1.56 0.61 

0.25 0.28 0.25 

0.35 0.39 0.37 

0.55 0.97 0.87 

0.36 0.32 0.44 

0.53 0.82 0.40 

0.24 0.23 0.16 

0.47 0.48 0.48 

0.2 0.15 0.14 

0.4 0.38 0.38 

0.5 0.41 0.54 

0.28 0.34 0.29 

0.32 0.3 1 0.41 

0.3 1 0.22 0.37 

0.18 0.20 0.14 

1.28 1.08 0.68 

0.27 0.19 0.27 

7.38 8.36 6.87 

The inorganic contents are listed in Table 2. 



Table 2 - Inorganic Contents 

Elements 

Al 

B 

Ba 

cu 
Fe 

K 

Mg 1138 6971 

Mn 

Na 

Pb 

Zn 

s 

Content ppm 

Fresh LO-HAN-GUO after water after removed the 

removal the water sugar content 

16.7 18.63 

12.9 51.79 

15.4 13.88 

2221 11049 

2.25 4.59 

7.70 14.77 

159 97.36 

16089 1 44314 
I 

20.82 30.2 

_ 1.26 4.4 

86.5 4280 

6.08 13.84 

11.4 265 

1314 5889 



2.5 In 1986, Xu Shenchun [7] did many chemical composition studies, he reported that 

the protein is 7.1 - 7.8 % of the total dried fruit. He also reported the contents of the 

18 out of the 19 amino acids from the hydrolysis for four different LO-HAN-GUO 

(different grower). In 1980, he measured 339 - 487 mg of Vitamin C per 100 g of 

fresh fruit. He also measured 0.1864 ppm of selenium (Se) which is 2 - 4 times more 

than the grain [S]. 

Selenium was reported that it has anti-heart disease, anti aging and anticancer effects. 

2.6 In 1992, Zhao JifYi.t et al from the Tanjing Engineering Institute did the LO-HAN- 

KU0 extract sweetness testing. The test was used sucrose as the threshold value (0.5 

%, weight percentage). Using the international threshold stimulant testing method, it 

was reported that the extract from LO-HAN-KU0 is 210 times sweeter than sucrose 

(t test, 5 % standard deviation) [9]. It was reported that the extract did not 

decompose when heated at 120 “C for 12 hours. 

2.7 There has also been progress on the pharmacology and toxicity studies. In 1983, 

Takekimatsuharu [lo] used mice, rabbits and dogs for tests. The LO-HAN-IWO 

extract resists the intestines shrinking cause by BaCl or acetyl chlorine, he makes the 

intestines move easily. At a high dosage, it reduced the blood pressure. In his toxicity 

study reports, it stated LD 50 testing (Half fatality number) on mice that LO-HAN- 

KU0 extract (freeze dry) is greater than 10 g/kg: Chen Hongbin [ 1 l] used mice for 

LD 50 testing, he used the maximum concentration (60 %) and maximum volume (0.4 

ml/ log wt) poured the solution (equivalent to 24 g/ kg body weight) down the throat, 

and observed the activity of the animal and found no fatalities. The animals were under 

observation for two weeks after the dosage and there was no abnormal behavior and 

no fatalities observed. Based on the regulations of the Ministry of the Hygiene which 

stated that if there is no fatality during the first stage of the rapid toxicity testing with a 

dosage of 10 g/ kg of the body weight, it is not necessary to do the LD 50 testing 

(Half fatality testing). 



3. LO-HAN-KU0 Extract’s Future 

In the southern part of the China, drinking LO-HAN-KU0 tea is as a status of the 

person for more than hundred of years. Due to it’s good taste, people like it. Recent 

years, LO-HAN-KU0 has been used in herbal remedies. There are more than 20 years 

of history of people using dry LO-HAN-KU0 as a tea. Since the 80’s, LO-HAN-KU0 

has always been a product requested by the foreign trade department. It has been 

exported to most countries in Southeast Asia. 
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The Chemical Composition Analysis of Fresh LO-HAN-KU0 (I) 
The Isolation of Triterpenoid Glycosides and Their Structural 
Determination 

Abstract: Chinese fruit LO-HAN-KU0 [Siraitia grosvenori (swingle) C. Jeffrey] is 

specially cultivated in China and it is used as an herb. In this article, 6 glucoside 

compounds were extracted from the fresh fruit LO-HAN-KUO: Neomogroside 5, and the 

known cucurbitane glucoside-mogroside II E, 1, mogroside III, 2, mogroside IV, 3, 

mogroside V, 4 and a non-cucurbitane glucoside 7. 3 - 5 are very sweet. 4 is the major 

component of the LO-HAN-KU0 and has about 0.5% of the fruit weight. 5 is a new 

sweet glucoside, there is only trace amount in LO-HAN-KUO. The structures of 1 - 5 

were determined by using their spectral data (‘H and 13NMR, 13C-‘H COSY, ‘H-‘H 

COSY. and NOE Difference Spectroscopy) plus chemical reaction methods. The non- 

cucurbitane triglycoside is not sweet, its structural determination is in progress. 

Keywords: LO-HAN-KU0 genus, cucurbitane triglycoside, LO-HAN-KUO, 

herbal extract. 

LO-HAN-KU0 is classified as the calabash family [Siraitia grosvenori (swingle) C. 

Jeffi-ey] and is special vine plant cultivated in China. It is cultivated in YongFu and other 

counties of the northern part of GuangXi autonomous region. The ripe fruit is used as 

Chinese herb and tastes sweet. It is beneficial to the respiratory and digestive systems. 

The fiuit is used as a dietary supplement and made into a summer drink by the people in 

GuangXi and GuangDong provinces. The healthtil efficacy of LO-HAN-KU0 is 

recorded in all editions of Chinese pharmacopoeia after 1977[‘]. Japanese scientists 

Takemoto[*] and Matsumoto r31 had studied the chemical compositions of the dry fruit 

from markets in Hong Kong and Ma&o. They found 6 glycosides and one aglycone, all 
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of them are cucurbitane glycosides. According to literatureL4], those compounds are the 

effective components of LO-HAN-KUO. During the course of study the utility of LO- 

HAN-KUO, we have found that there are many advantages of extracting the glycosides 

from the fresh fkuit over the dried one. From the same quantity of the fresh fruit, the 

product extracted from the fresh fruit has better yield and lighter color than that from the 

dried fruit. The operation process is easier for fresh fruit than for the dried one. In 

addition, due to the lower price of the fresh fruit, it costs less to make the sweet 

glycosides, most of the production process is starting from the fresh fruit. It has not been 

reported yet whether the major sweetener composition in the fresh fruit is the same as 

that in dry fruit. Further study has to be done on this issue. Therefore we have carried 

out isolation process from the enriched glycoside mixture and we have found 5 

cucurbitane glycosides and one non-cucurbitane glycoside. Upon analyzing their 

spectroscopy data and carrying out chemical tests, we have determined the structures of 5 

components. They are mogroside II E (l), mogroside III (2), mogroside IV (3), 

mogroside V (4), and meomeogogroside (5). All of them are glucoside of mogrol(6) and 

they are diglucoside, triglucoside, tetraglucoside, pentaglucoside and’ hexaglucoside of 6 

respectively. Components 3,4 and 5 are very sweet and they contribute to the sweetness 

of the LO-HAN-KUO. Component 4 is the major content of the LO-HAN-KU0 and it 

takes up to 0.5% of the fresh fruit weight. Due to components 3, 4 and 5 contain more 

sugar groups and they are all the same glycoside, it is very difficult to separate them as 

well as to determine their structure. The assignment of the NMR spectra is very difficult 

due to the heavily overlap of the signals on their ‘H or i3C NMR spectra. It is very hard 

to determine the connecting position between sugar and aglycone as well as and between 

sugar groups. Even though components 3 and 4 are known compounds, all literatures I** 3* 

‘I did not give assignments of their NMR spectra for the sugar part. In our study, we not 

only took the 1D NMR spectra (lH and 13C) and 2D NMR spectra (13C-‘H COSY and ‘H- 

‘H COW), but also applied the NOE difference spectroscopy. Some signal overlaps of 
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the sugar part have been effectively separated and assigned. This result is never achieved 

in the study on the glycoside on the LO-HAN-KU0 before. We have compared the ‘H 

and 13C data of 1 - 5 with those of 6, the ‘H NMR chemical shifts of 4, 5 are listed in 

Tables 1,2, 3 and the 13C shifts of 1 - 5 are listed in Table 4 and 5. The non-cucurbitane 

glycoside 7 is the trace component in LO-HAN-KU0 and not sweet, its structure 

assignment is in progress. 
, 

TLC analysis of the glycoside components from the fresh LO-HAN-KU0 

Silica Gel plate 

CHCLS-MeOH-Hz0 (40:23:5, homogeneous phase) 

Spray with 10% phosphomolybdic acid in ethyl alcohol and heat to stain 

Relative ratio 1:2:3:4 = 2.7: 12.2: 18.4: 66.7 (TLC scan results) 
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Figure 1 Separation Flow Chart for LO-HAN-KU0 Glycosides 
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1, Formula C~H72014, white powder, M/Z = 800 by FDMS; NMR results (Table 4) 

indicate that 1 has the same skeleton as 6, in its 13C N&Xl2 spectrum, 6 107.4 and 6 106.0 

ppm indicate 1 is diglucoside. TLC acid hydrolysis indicates its sugar is glucose. ‘H 

NMR gives terminal protons 6 4.87 (lH, d, 3 = 7.8 Hz) and 6 4.98 (lH, d, J = 8.0 Hz) 

ppm, this indicates that the glucosidic bond is in p configuration. Compare the 13C NMR 

data of 1 and 6, chemical shifts of C3 (6 88.0ppm) and C24 (6 90.8ppm) is obviously 

down field, this indicates the glucosidic bond is between C3 and C24. Therefore, we 

assign 1 as mogroside II E. 

2, white powder, m/z = 986 [M+H+Na]‘, has a formula of C4aHs2019, Compare the 13C 

NMR spectra of 2 with 1 (Table 4), they all have the similar 13C chemical shift for their 

main frame. This means that 1 and 2 have the same skeleton of mogrol. The only 

difference is that 2 has three sugar terminal groups, which means 2 is a triglucoside. 

Result from TLC acid hydrolysis indicates that all three sugars are all glucose. The same 

as 1, 6 88.Oppm in 13C NMR spectra of 2 indicates that C3 is connected to a glucose. For 

the remaining two sugar, 6 92.6 ppm indicates that the glucosidic bond is located at C24 

position. 6 70.5ppm indicates a 6-1. connection between two sugars, that is, the are 

gentiobiose. ‘H NMR give sugar terminal protons at 6 4.84,4.92 and 4.98 ppm, coupling 

constant J = 7.7, 7.4, 7.5 Hz respectively, they are all in p configuration. So, 2 should be 

mogrolyl-3-0-/3-glucopyranose-24-0-/3-gentiobios, it is named mogroside III. 

3. C54H92024, ‘H NMR and 13C NMR have shown that it has 4 sugar groups, this 

indicates that 3 is a tetraglucoside. Compare 13C NMR data of 3 and 2 (Table 4), 3 and 2 

have the same aglycone part, 3 also should be the glucoside of mogrol. TLC acid 

hydrolysis indicates all sugars in 3 are glucose. The same as 2, chemical shifts of C3 (6 

87.4ppm) and C24 (6 92.6ppm) indicate the glucosidic bonds are located at C3 and C24. 

Analysis of 13C-‘H COSY and NOE difference spectroscopy, the connecting pattern 

between sugar in 3 is determined. From the 13C NMR spectrum of 3, 6 62.5, 62.5, 63.2, 
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70.2 ppm represent the four terminal carbons, 6 70.2 also indicates a l-6 connection. 

Chemical shift at 6 82.8 ppm indicates a l-2 connection[31. From NOE difference 

spectroscopy of 3, irradiation at terminal proton (6 4.78ppm), give enhancement at 6 

positions, the broad single peak at 6 3.64 is C3H of aglycone, it has a cross section with 6 

87.4ppm in 13C-‘H COSY. Therefore, the sugar with terminal proton at 6 4.78 ppm 

should be located inside and is connected at Cj position. In addition, signals at 6 4.14 

(I6b), 4.64 (1 6a are also enhanced, and 6 4.14 (I&), 4.64 (Ioa) have cross section with 6 > 

70.0 ppm (-CH20-), this indicate they are the two protons of Cg of sugar I and sugar I and 

sugar II have l-6 connection. Irradiation at 6 5.05 ppm (II 1) also results signal 

enhancement at 6 4.14 and 4.64 ppm. This gives additional evidence for a l-6 connection 

between I and II. Upon irradiation’ the terminal proton at 6 4.80 ppm (III 1) signal 

enhancement at S 3.65 (&4-H) is observed, 6 3.65 (&4-H) has a cross section with 6 

91.7ppm (C24) in 13C-lH COSY, it indicates that sugar III is connected at C24. Signal at 6 

4.lOppm is also enhanced and peak at 4.lOppm has cross section with 6 82.8ppm, so 

sugar IV and sugar III has l-2 connection. Therefore, 3 is a compound formed by C3 of 

mogrol connected to gentiobiose, and C 24 of mogrol connected to sophorose, it is 

mogroside IV. 

4. White power, m/z = 1310 [M+H+Na]+ with FDMS, 13C and ‘H NMR indicates it has 

five sugar groups, so 4 is a pentaglucoside. Acid hydrolysis has approved all sugar 

groups are glucose. Comparison 13C NMR data of 4 with 3 indicates that 4 is also 

glucoside of mogrol. Therefore 4 has formula of C6OH,O202& The aglycone part.of 4 

gives similar or equivalent chemical shifts to that of mogrol (except C3 and C24), this 

indicates that the glucosidic bonds are formed at C3 and C24 positions. To elucidate the 

structure of 4, its glucosidic bond configuration and the connection pattern between 

sugars have to be determined. From the coupling constant of the five terminal protons (J 

= 7.7-8.0 Hz), all glucosidic bonds have p configuration. The connection pattern 
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between sugars are determined by analysis 13C-‘H COSY, ‘H-‘H COSY, and NOE 

difference spectroscopy. Chemiscal shifts of aglycone part are listed in Table 4 by 

analysis all spectra of 4 and comparison the 13C data of mogrol. All remaining signals 

are belong to sugar parts of 4, the chemical shifts of five terminal carbons is assigned as 6 

62.8, 63.0, 63.7, 70.2, 70.4 ppm. 6 70.2 and 70.4 ppm indicate that there are two l-6 

connections (chemical shifts of -C&O-) and S 82.7 ppm indicates there is a 2-l 

connection. 

From the NOE difference spectroscopy of 4, signal enhancement is observed at 6 

locations upon irradiation at 6 4.77 results. The broad single peak at 6 3.67 is C3-H of 

aglycone, it has a cross section with 6 87.4 (CJ) in ‘k-‘H COSY. The sugar with 

terminal proton at 6 4.47 is the inner sugar connected to C3 position of aglycone. Other 

enhancements are located at 6 3.87 (I 2), 4.13 (I 9, 4.03 (I s), 4.28 (I &), 4.72 (I ba). The 

last two have cross section with 6 70.4 (-CH20-) in 13C-‘H COSY, this indicates they are 

protons at 6 position of sugar I, sugar I and Sugar II have 6-l connection. Enhancement 

at 6 4.00 (IIt), 3.93 (&), 4.24 (IIs), 4.28 (I&b), 4.72 (I 6a) is observed by irradiation at 6 

5.12 (II ‘) (refer to Figure), enhancement at 4.28 (II,& 4.72 (I &,) further proves the 6-1 

connection of sugar I and II. 

In the ‘H-‘H COSY spectrum, 6 3.78 is correlated to 6 4.77, the proton at 6 3,78 is 

belong to 12. The carbon at 6 75.4 is correlated to 6 3.78 in 13C-‘H COSY, it is belong to 

sugar 12. The assignment of I~,15 and their protons is based on the enhancement (6 4.13, 

4.03) by NOE and the corresponding carbons (6 78.4, 77.3) is assigned according to the 

cross over in 13C-‘H COSY in combination the fact of carbon chemical shifts of glucose 

(chemical shift of C3 is downfield relative to that of Cst3]). It is determined that carbon I3 

at 6 78.4, carbon IS at 6 77.3 ppm, the proton I3 at 6 4.13, and the proton I3 at 6 4.03. The 

proton at Cd position of glucose is far apart from the terminal proton141, there is no NOE 

enhancement observed. Except CO, Cd of glucose appears at the most upfleld, which is 

around 73.0 ppm r31, therefore the carbon at 6 71.7 is assigned as I 4 carbon. Further, the 
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corresponding to 14 proton is assigned at 6 3.91 according to 13C-‘H COSY. Other 13C 

and ‘H chemical shifts are also assigned by the same means, we are not list all of them 

out. _ 

Further irradiation at 6 4.88 (IV ‘) results in enhancement at 6 3.74 (C24-H) and 6 

3.74 is correlated to 6 91.7 (C24) in 13C-‘H COSY, this indicates sugar IV is connected to 

C24 of aglycone. In addition, obvious enhancement at 6 3.93 (IV &), 4.02 (IV 5), 4.13 (IV 

I), 4.21 (IV 3), is also observed. Since 6 4.13 is correlated to 6 82.7 (IV 2) in 13C-‘H 

COSY, position 2 of sugar IV is connected to sugar VI and. 6 3.93 is correlated to 6 70.2 

(IV 6), position 6 of sugar IV is connected to sugar V. Irradiation at the last terminal 

proton 6 4.83 (IV ‘) in NOE difference spectroscopy results in enhancement at 6 3.93 (IV 

&), 4.01 (IV 3), 4.02 (IV ‘), and 4.20 (IV 5) (refer to figure). These results further prove 

that sugar IV and sugar VI have 2-l connection, sugar IV and sugar V have 6-l 

connection. 

From the results obtained, the CJ position of aglycone is connected to diglucoside 

(I 6-J II) and the C24 position is connected to triglucoside (IV 6-1 V, -IV 2-J VI). 

Therefore 4 is determined as mogrolyl-3-0-[P-D-glucopyranosido (6-1)-p-D- 

glucopyranosel-24-0-{[P-D-glucopyranosido (2-l)][P-D-glucopyranosido (6-1)-p-D- 

glucopyranose]}, mogroside V in short. 

5 is white powder, FBMS give m/z 1471 [M+Na]+, acid hydrolysis gives only glucose, 

the aglyCOne part iS determined as mOgrO1, its formula is &jH’]2034. 13C NMR of 5 giVeS 

6 terminal carbons and this indicates 5 is the hexaglucoside of mogrol. Compare the 13C 

chemical shifts of 5 and magi-ol (6); chemical shifts of C:, and C24 of 5 are obviously 

downfield. This indicates the glucosidic bonds are also formed at C3 and C24 positions. 

The connection pattern between sugar and aglycone, sugar and sugar is determined 

through ‘3C-‘H COSY, NOE difference spectroscopy of 5 as well as comparison with 

those of 4. ‘H NMR indicates coupling constant of the terminal protons of all sugar are 
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between 7.&7.8Hz, so all sugars have p configuration. 13C NMR indicates that there are 

two 6-l connections (6 70.2 and 70.5 ppm) and two 2-l connections (6 82.5, 82.6 ppm). 

13C chemical shifts of aglycone of 5 is assigned in Table 4 according to cross over in 13C- 

‘H COSY and comparison to spectral data of 4. 6 87.6 and 91.9 ppm are assigned as C3 

and C24 respectively and these two carbons are connected to sugar. In NOE difference 

spectroscopy, irradiation of the proton at 6 4.79 (sugar I ‘) results in obvious 

enhancement of signal for proton correlated to C3 of aglycone. This result indicates this 

proton is the terminal proton of the inner sugar. In addition, Enhancement is also 

observed at 6 4.30 (I ha), 4.15 (I 3), 4.04 (I s), 3.87 (I 2), 4.21 (I 4). 6 4.30 is correlated to 6 

70.5 ppm (-CH20) in 13C-‘H COSY, this indicates position 6 of sugar I is connected to 

sugar II. Due to the chemical shift of I 6b proton iS overlapped with that of terminal 

proton of sugar I (6 4.78), I 6b proton is also excited. Therefore, signal of I 4 is affected 

and signal enhancement is observed for I& and I 5. 

Enhancement is observed at 8 4.18 (II 2), 4.22 (II 3), 3.85 (II s), 4.02 (II 6), 4.30 (I 

ha), and 4.78 (I 6b) upon irradiation at 8 5.16 (II 1). 6 4.18 (II 2) is correlated to 6 82.5 ppm 

(carbon II 2) in 13C-‘H COSY, 4.30 (I 6a) and 4.78 (I 6b) are correlated to 6 70.5 ppm (- 

CH20-). These results indicate connection between sugar II 2 and III and further prove 

the connection between sugar II and I 6. 6 4.02 is correlated to 6 61.7 (-CH20H) and it 

indicates II 6 is not connected to sugar. 

Upon irradiation, signal enhancement is observed at 6 4.04 (III 2), 4.22 (III J), 

3.89 (III J), 3.83 (III 5), 4.32 (III 6), it indicates sugar III is connected to sugar II 2. 6 4.32 

(III 6) is correlated to 6 61.7 (-CHzOH), it indicates III 6 is not connected to sugar. 

Irradiation the terminal prOtOn of IV (6 4.89) results in Signal enhancement at 6 3.74 (C24 

of aglycone), 3.94 (IV ha), 4.05 (IV 3), 4.21 (IV J), and 4.18 (IV 2) ppm. The first 

enhancement indicates IV is an inner sugar connected to C24 of aglycone. 4.18 (IV 2) is 

correlated to 6 82.6 ppm (carbon IV 2) in 13C-‘H COSY, a connection between IV 2 and 

sugar VI is determined. In addition, 3.94 (IV 6a) is correlated to 6 70.2 ppm (-CH20-) in 
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13C-‘H COSY, indicates connection between sugar IV 6 and sugar V. These results are 

further proved by irradiation the two sugar terminal protons 6 5.48 (IV ‘) and 4.85 (V ‘) 

ppm, obvious enhancement is observed at 6 4.18 (IV ‘) and 3.9 1 (IV 6) ppm. 

From all results obtained, CJ and C24 of 5 are connected to three sugar groups, the 

sequence of connection is 16-1 II 2-1 III, IV 6-J V, IV 2-J VI. 5 is mogrolyl-3-O-@-D- 

glucopyranosido (6-l)-/3-D-glucopyranosido (2-l) -P-D-glucopyranosel-24-O-([P-D- 

glucopyranosido (6-l)][P-D-glucopyranosido (2-I)-P-D-glucopyranose]. 5 is a new 

nature sweet glucoside, it is named as neomogroside. 

Experimental 

IR (KBr) is taken on Perkin-Elmer 9836; NMR’s are taken on FX-100 or Bruker AM- 

500, CsDsN as solvent NMR solvent, TMS as intern al standard; FDMS was taken on 

MAT-90 Mass spectrometer. 

Silica is from QingDao Ocean Chemical Plant; A103 is from Shanghai Wusi Chemical 

Reagent Manufacturer; R& reverse phase silica and RP’s reverse phase TLC plates are 

from Merck; Sephadex LH 20 is from Shanghai Chemical Reagent Manufacturer. 

Raw materials and extractives of LO-HAN-KU0 used in experiment are provided by 

YongFu Pharmaceutical Manufacturer form the GuangXi Autonomous Region. 

Solvent systems used for TLC are mix solvent of CHCl3-MeOH-H20, a: 6.5:3.5:1; b: 

7.5:2.5: 1; c: 6:4: 1 (homogeneous); d: 5:5: 1 (homogeneous); e: 60% MeOH-H20. 

Extraction: 

5.5 kg black LO-HAN-KU0 paste (mobile, equivalent to 30 kg fresh fruit) form YongFu 

Pharmaceutical Manufacturer form the GuangXi Autonomous Region is added 3 times 



water. The mixture is passed through the pre-treated enriching resin column, 317g light 

yellow glycoside mixture is obtained. 

Apply 2OQg glycoside mixture to a column with lkg silica gel, elute with various solvent 

system according to the flow chart. Components l-6 are obtained. 

Composition analysis 

1, C42H720’4, white powder, IR v max (cm -I): 3210 (OH), 1640 (C=C). FDMS: m/z 800, 

‘H NMR (100 MHz): 6 4.87 (lH, d, J = 8.7 Hz), 4.98 (lH, d, J = 8.OHz) (terminal 

protons). 13C NMR (refer to Table 5,4) 

TLC acid hydrolysis . 16J* silica G plate is made with 0.4% CMC-Na and is backed at 105°C 

for a hour and cooled to room temperature. Sample is dissolved in water and is spotted 

onto the plate, the plate is placed into the developing chamber containing concentrated 

HCl at room temperature for 50 minutes. The plate is taken out and placed under IR 

lamp to remove HCl moisture. Glucose is spotted as standard and the plate is developed 

with n-BuOH-HAc-Hz0 (3:l:l). The plate is sprayed with aniline (0.93g)-benzene 

dicarboxylic acid (1.66g)-n-BuOH saturated with water (1 OOml) and baked at 105°C for 

10 minutes to stain. Only the brown spot corresponding to glucose is visualized. 

2, C46Hs20’9, white powder, IR v max (cm -I): 3400 (br, OH), 1640 (C=C). FDMS m/z 

986 [M+H+Na]‘, 824 [M+H+Na-Glc]‘. ‘H NMR (100M Hz): 6 4.84 (lH, d, J = 7.7 Hz), 

4.92 (lH, d, J = 7.4 Hz), 4.98 (lH, d, J = 7.5 Hz) (terminal protons), 0.85, 0.92, 0.92, 

1.16, 1.31, 1.31, 1.43 and 1.43 ppm (8x3H, d, 8CH3). 13C NMR (refer to Table 4, 5). 

TLC acid hydrolysis: the same as for 1, only the brown spot corresponding to glucose is 

found. 
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3, C~H92024, white powder, IR v max (cm -I): 3400 (OH), 1640, 890 (C=C), ‘H NMR 

(500 MHz): 5.05 (lH, d, J = 7.8 Hz),.4.78 (lH, d, J = 8.0 Hz), 4.74 (lH, d, J = 7.4 Hz), 

4.73 (lH, d, J = 7.1 Hz), (terminal protons). 13C NMR data (refer to Table 4, 5). 

TLC acid hydrolysis: the same as for 1, only the brown spot corresponding to glucose is 

found. 

4, C@H’02@9, white powder, JR v max (cm -I): 3400 (OH), 1640, 890 (C=C), FDMS m/z 

13 1 O[M+H+NaJ+, 1286 EM]‘, 1147 [M+Na-Glc]+, 1129[M-Glc-H20]‘, 985[M+Na- 

2Glc]+, 823[M+Na-3Glc]‘, ‘H NMR (500 MHz) (refie to Table 1, 2), 13C NMR data 

(refer to Tbale 4, 5). 

Acid Hydrolysis: In a safety bottle, it is added 1OOmg of 4 and 1.5 ml of 5% H2SO4, the 

bottle is heated at 70°C for 6 hours. The reaction mixture was added 3ml water and 

extracted with n-BuOH saturated with water. The aqueous phase was neutralized with 

10% NaOH and all solvent is removed by heating, TLC analysis indicates that only spot 

corresponding to glucose is found. 

5, CMH’ ‘2034, white powder, IR v max (cm -I): 3400 (OH), 1660 (C=C); FABMS m/z 

1471 [M+Na]+, ‘H NMR and 13C NMR data (refer to Table 1, 3,4, 5). 

Acid Hydrolysis: the same method for 4, TLC analysis indicates that only spot 

corresponding to glucose is found. 
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LO-HAN-KU0 Chemicdl Composition Analysis (II) 
Flavone Glycoside Composition and Structural Determination 

Abstract: Two flavone glycosides were obtained from the fresh Chinese fruit LO-HAN- 

KUO. From the analysis of their ‘H-‘H COSY, 13C-‘H COSY and NOE difference 

spectroscopy, the structures were determined as Kaempferol-3-0-a-L-Rhamnose-7-O-[P- 

D-Glucosido-( l -2)-a-L-Rhamnoside] (VI) and Kaempferol-3,7-a-L-dirrhamnoside (VII). 

VI is a new natural component and named as grosvenorine. 

Keywords: LO-HAN-KUO, grosvenorine. 

LO-HAN-KU0 is classified as the calabash family [Siraitia grosvenori (swingle) C. 

Jeffrey] and is special vine plant cultivated in China. The major chemical composition of 

dry LO-HAN-KU0 is triglucoside. For comparison the chemical composition of the 

fresh fruit and that of dried one, we have carried out the study of chemical composition of 

the fresh LO-HAN-KUO. In addition to isolation of 5 cucurbitane triglucosides[ 11, two 

flavone glycosides were first isolated, Kaempferol-3-0-a-L-Rhamnose-7-0-@-D- 

Glucosido-( l -2)-a-L-Rhamnoside] (VI) and Kaempferol-3,7-a-L-dirrhamnoside (VII). 

The study of their structures is reported in this article. 

Grosvenorine (VI): light yellow needle crystal, mp 218-220°C. Formula is determined as 

C33&00’9 according to Mass, 13C NMR and ‘H NMR analysis. IR analysis indicates OH 

group (3200 cm -I), C=O group (1860 cm -I). It reacts with HCl-Mg and a deep red color 

is resulted. Molish reaction is positive. UV hmax in MeOH: 245 (sh), 265, 3 15 (sh), 345 

nm, they are the absorption peaks of flavone type compound, so VI is flovane 

triglycoside. 13C NMR gives three terminal carbons (6 105.5,6 101.8, and 97.3 ppm) and 

indicates VI is a tiglycoside. Paper chromatography after acid hydrolysis of VI indicates 

the sugars are glucose and rhamnose. The coupling constant of the terminal proton of 
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glucose is J = 8 Hz in ‘H NMR, this indicates glucose adopts a p configuration. The 

coupling constant of the terminal proton of rhamnose is J = 2 Hz, so rhamnose adopts a 01 

configuration. There are 19 O’s in its formula, the sugar parts contain 13 O’s atoms and 

two O’s from the skeleton of flavone. No evidence of OCH3 and other groups containing 

oxygen from 13C NMR, so the remaining 4 O’s should be in OH groups. ‘H NMR only 

gives two fi-ee phenol OH groups at 6 12.5 and 10.2 ppm (disappear upon D20 

exchange), therefore another two OH groups are glycosidated. .VI is flavone glycoside 

containing two sugar chains and two free phenol OH groups. Upon addition of NaOMe 

into the solution, band I of the W spectrum of VI is shifted to red by 40 m-n and its 

intensity does not change, there should be a OH group at position 4’. Addition of 

AlCl$HCI results the red shift 40 nm of band I indicates there is OH group at 5 position. 

From S 6.8 (lH, d, J = 2Hz) and 6.5 (lH, d, J = 2Hz) ppm from ‘H N’MR, there two 

protons at meta-position on the aromatic ring and there should be a substituent at position 

7. 6 7.8 (2H, d, J = 8.5 Hz) and 6.9 (2H, d, J = 8.5 Hz) indicate an A2B2 system and there 

is only substituent on ring B because another sugar chain only can be at position 3. From 

.these results, the aglycone of VI should be 3, 5, 7, 4’-tetrahydroxyl flavone. The 

connection pattern of the sugar is determined according to the analysis of ‘H-‘H COSY 

and NOE difference spectroscopy. Upon irradiation of the terminal proton at 6 5.5 ppm 

on rhamnose, protons at 6, 8 positions of ring A receive stronger signal enhancement, the 

inner sugar at position 7 should be rhamnose. Irradiation of the terminal proton at 6 4.40 

ppm on glucose also results in signal enhancement of Hb, H8, this indicate position 7 is 

connected to a disaccharide. Irradiation of the terminal proton at 6 5.0 ppm on rhamnose 

results in weak signal enhancement at positions 5’ and 6’ on ring B. This indicates that 

there is a rhamnose connected to position 3. The proton at position 2 of rhamnose which 

correlated to the terminal proton (6 5.30 ppm) of rhanmose at position 7 is at S 3.92 ppm. 

From the 13C-‘H cosy, the corresponding carbon at position 2 is at 6 79.7 ppm, it is 

shifted to downfied by 9.7 ppm. Therefore the glucose is connected at the position 2 of 
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the rhamnose. Irradiation of the terminal proton of glucose also results in signal 

enhancement at 6 3.97, this indicates it is a 1-2 connection between glucose and 

rhamnose, We conclude that VI is Kaempferol-3-a-L-rhamnose-7-0-[p-D-glucosido-( l- 

2)-a-L-rhamnoside, refer to scheme for its structure. 

Mogroside VII: light yellow needle crystal, mp 187-l 89OC, HCl-Mg reaction give 

positive and molish reaction is also positive. The W spectrum in anhydrous MeOH 

gives bands at 264 and 345 run, they are the characteristic bands for of flavone type 

compound. This indicates that VII is a flavone glycoside. Comparison of the t3C NMR 

data of VII and VI indicates that VI has additional six carbons from glucose and all other 

carbons have similar chemical shifts for both. Therefore VII is dirhamnose glycoside of 

kaempferol. Upon acid hydrolysis of VII, the aqueous phase is extracted with ethyl 

acetate and the resulted product is the aglycone of the glycoside. TLC analysis and mp 

determination of this aglycone with kaempferol as standard have proved it is kaempferol. 

TLC analysis of the aqueous phase only give the color spot corresponding to rhamnose 

standard. By comparison the 13C NMR data of VII and kaempferol, chemical shifts of 

C3, CT positions are upfield -0.8 and 0.9 ppm, the chemical shifts of Cz, Cb, Ca are 

downfield 10.0, 1.2, 1.2 ppm. These results indicate CJ and C7 are connected to 

rhamnose. Therefore VII is kaempferol-3,7-cc-Ldirhamnose. 

Experimental 

Melting point is taken on a Fisher-Johne apparatus (not calibrated); NMR is taken on 

Bruker 500, DMSO-d6 is used as solvent and internal standard; Mass spectroscopy is 

taken on a MaT-711; IR (KBr) is taken on Perkin-Elmer 983; UV is taken on Philips Phy 

Unicam PU 800. 
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Extraction 

200g glycoside mixture (supplied by GuangXi Yongfu Pharmaceutical Manufacturer) is 

applied to a short column with lkg silica gel. Elute with CHC13:MeOH:HZO (7:3:1) and 

collect every 200 ml as fractions. A light yellow crystal from fractions 88 to 93 is 

obtained and it is recrystalized in CH30H and Hz0 (3:1) to yield VI (70mg). Combine 

fractions 68-72 and apply it to a polyamide column. Elute with 60% MeOH and yield a 

yellow powder. It was recrystalized in MeOH to yield VII (62mg). 

Composition Analysis 

Grosvenorine (VI): mp 218-22O”C, HCI-Mg reaction give positive, molish reaction is 

also positive; IR, v maxxnr (cm -‘): 3410, 1660, 1600, 1500, 1210, 1190, 840; W, 

LaxMeOH (nm): 265, 345, addition of NaOMe: 245 (sh), 385, 268, addition of AlCl3: 234 

(sh), 275, 300 (sh), 342, 395, addition of AlC13/IKI: 255 (sh), 275, 300 (sh), 342, 395, 

addition of NaOAc: 265,370, addition of NaOAc/I&BOJ: 265, 345; FAB-MS m/z: 763 

(M+Na)+, 741 (M+H)+, 595 (M-Rha + l)‘, 286 (M-2Rha-glu)‘. EI-MS: m/z (%) 286 

(loo), 285 (27), 258 (6.4), 229 (5), 213 (3.3), 153 (4), 146 (13); ‘H NMR (DMSO-d6) 6 

(ppm): 7.8 (2H, d, J = 8.5 Hz, H2’, H6’), 6.9 (2H, d, J = 8.8 Hz, H3’, H5’), 6.8 (lH, d, J = 

2Hz, H8), 6.5 (lH, d, J = 2Hz, H6), 10.3 (4-OH), 12.6 (5-OH), 3-4 (m, proton form 

sugar), 5.9 (lH, d, J = 22 Hz, Rha-Hl), 5.2 (lH, d, J = 2Hz, Rha’-Hl), 4.4 (lH, d, J = 8.0 

Hz, Glc-Hl), 0.8 (3H, s, Rha-HB), 0.79 (3H, s, Rha’-H6). 13C NMR (DMSO-db), 6 

(ppm): 156.1 (C-2), 134.6 (C-3), 177.9 (C-4), 160.9 (C-5), 99.5 (C-6), 161.4 (C-7), 94.6 

(C-8), 157.7 (C-9), 105.8 (C-lo), 120.3 (C-l’), 130.6 (C-2’, C-6’), 115.6 (C-3’, C-5’), 

160.1 (C-4’). Glc: 105.2, 73.8, 76.7, 69.3, 76.7, 60.8, 7-Rha: 97.3, 79.7, 70.4, 71.9, 70.6, 

17.7. 3-Rha: 101.9, 70.0, 70.8,71.2,69.8, 17.3. 

Acid hydrolysis: 20 mg of VI was added 5% HzSOJethanol (1: 1), the mixture is refluxed 

for 4 hours, TLC analysis indicates the completion of hydrolysis. It is extracted with 
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ethyl acetate three times, the recovered aglycone has the same RF value as that of 

kaempferol. Paper chromatography of the aqueous phase only gives Glc and Rha. 

VII: light- yellow needle crystal, mp 187-189*C, HCl-Mg reaction gives positive and 

molish reaction is positive. UV, hmaxMeoH (nm): 246 (sh), 267, 385, addition of AlCl3: 

274, 300 (sh), 345, 395, addition of AlCl$I-ICl: 274, 300 (sh), 345, 395, addition of 

NaOAc: 265, 358, 400 (sh), addition of NaOAc/H3B03: 265, 345. ET-MS m/z (%): 286 

(loo), 185 (27), 258 (6), 229 (5), 213 (3.3), 153 (4), 146 (13). 13C NMR (DMSO-d6) 6 

(ppm): 156.1 (C-2), 134.5 (C-3), 177.9 (C-4), 160.9 (C-5), 99.5 (C-6), 16 I .7 (C-7), 94.6 

(C-8), 157.8 (C-9), 105.8 (C-lo), 120.4 (C-l’), 130.8 (C-2’, C-6’), 115.4 (C-3’, C-5’), 

160.1 (C-4’), 3-Rha: 101.8, 70.2, 70.7, 71.8, 70.1, 17.5, 7-Rha: 98.4, 70.0, 70.7, 71.6, 

69.8, 17.9. 

Acid hydrolysis: hydrolysis as normal method, extracted with ethyl acetate four times, the 

recovered aglycone has the same Rf value as that of kaempferol. Paper chromatography 

of the aqueous phase only gives Rha. 

Rl R2 

grosvenorine Rha Rha=-Glc 

mogroside VII Rha Rha 
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Table 1 ‘H NMR chemical shifts (ppm) of aglycone of 4,5 in CsDsN 

Proton 4 (J. Hz) 5 (J. Hz) 

I-H 

2-H 

3-H 

6-H 

7-H 

8-H 

1 O-H 

11-H 

12-H 

15-H 

16-H 

17-H 

18-H 

19-H 

20-H 

21-H 

22-H 

23-H 

24-H 

26-H 

27-H 

28-H 

29-H 

2.96 (lH, d, 10.4) 

2.00 (lH, dd, 10.5, 12.0) 

2.43 (lH, dd, 10.5,3.0) 

2.10 (lH, m) 

3.67 (lH, br. s) 

5.43 (lH, d, 6.4) 

2.28 (lH, dd, 7.2,6.4) 

1.65 (lH, d, 7.3, -) 

1.61 (lH, d, 7.3) 

2.78 (lH, d, 12.1) 

4.17 (lH, dd, 5.0, 11.5) 

2.15 (2H, m) 

1.15 (2H, m) 

1.49 (lH, m) 

2.15 (lH, m) 

1.87 (IH, m) 

0.91 (3H, s) 

1.09 (3H, s) 

1.52 (lH, m) 

1.07 (3H, d, 7.7) 

1.78 (2H, m) 

2.43 (2H, m) 

3.74 (lH, d, 9.0) 

1.44 (3H, s) 

1.33 (3H, s) 

0.92 (3H. s) 

1.09 (3H, s) 

2.96 (lH, br. s) 

2.00 (lH, dd, 10.5, 12.0) 

2.44 (lH, br. s) 

2.10 (lH,m) 

3.67 (lH, br. s) 

5.45 (lH, d, 6.0) 

2.25 (lH, m) 

1.65 (lH, m) 

1.59 (lH, d, 7.3) 

2.77 (lH, d, 12.0) 

4.18 (lH, dd, 5.0, 11.5) 

2.15 (2H, m) 

1.15 (2H, m) 

1.49 (lH, m) 

2.15 (lH, m) 

1.89 (lH, m) 

0.91 (3H, s) 

1.10 (3H, s) 

1.52 (lH, m) 

1.10 (3H, d, 7.7) 

1.78 (2H, m) 

2.45 (2H, m) 

3.73 (lH, d, 9.1) 

1.44 (3H, s) 

1.31 (3H, s) 

0.90 (3H, s) 

1.10 (3H, s) 

30-H 1.49 (3H. sj 1.50 (3H. s) 



Table 2 ‘H NMR chemical shifts @pm) of the sugar of 4 in CsDsN 

Sugar 

Proton I (J. Hz) II (J, Hz) IV (J, Hz) VI (J, Hz) V (J, Hz) 

1 4.77 (J, 7.8) 5.12 (d, 8.0)’ 4.88 (d, 7.8) 5.42 (d, 7.8) 4183 (d, 7.7) 

2 3.87 (dd, 8.0, 8.5) 4.00 (dd, 8.0, 8.5) 4.13 (dd, 8.5, 8.0) 4.06 (dd, 8.0,9.3) 4.02 (m, 8.0, 8.5) 

3 4.13 (dd, 8.5,8.5) 3.93 (dd, 8.5, 11.3) 4.21 (dd, 9.0,8.5) 4.17 (dd, 9.3,8.0) 4.01 (m, 8.5,8.0) 

4 3.91 (dd, 8.5,9.3) 4.02 (m, 8.0,8.5) 4.21 (dd, 8.5,g.O) 4.08 (dd, 8.5, 9.3) 3.91 (dd, 9.3,.8.5) 

5 4.03 (m, 4.7,8.0, 8.5) 4.23 (m, 8.5,g.O) 4.02 (m, 7.4,8.0,8.5) 3.91 (m, 3.5,8.5,9.3) 4.20 (m, 8.5,9:0) 

6a 4.28 (dd, 11.2,4.8) 4.28 (dd, 11.2,4.8) 4.86 (dd, 7.8, 11.3) 4.48 (dd, 12.4, 10.4) 4.45 (d, 12.4) 

6b 4.72 (d, 11.2) 4.42 (d. 12.4) 3.93 (dd. 11.3.8.5) 4.30 (dd, 3.5. 11.2) 4.30 (dd, 3.5, Il.21 



Table 3 ‘H NMR chemical shifts (ppm) of the sugar of 5 in CsDsN 

Sugar 

Proton I (J, Hz) II (J. Hz) III (J. Hz) IV (J, Hz) V (J. Hz) VI (J, Hz) 

1 4.79 (d, 7.8) 5.16 (d, 7.8) 5.05 (d, 7.7) 4.89 (d, 7.8) 4.85 (d, 7.6) 5.48 (d, 7.7) 

2 3.87 (dd, 7.7,9.5) 4.18 (dd, 8.0, 10.5) 4.04 (br, s) 4.18 (dd, 8.0, 10.5) 4.02 (br, s) 4.08 (dd, 8.0,9.5) 

3 4.15 (dd, 9.0, 10.5) 4.22 (d, 8.5) 4.22 (dd, 8.5, 10.0) 4.21 (dd, 8.5, 10.5) 4.22 (dd, 8.5, 10.5) 4.19 (dd, 9.0, 10.5) 

4 4.21 (dd, 9.0, 10.0) 4.10 (dd, 9.0, 10.0) 4.10 (dd, 9.0, 10.0) 4.21 (dd, 9.0, 10.0) 3.92 (dd, 10.5,7.0) 4.10 (dd, 9.0, 10.0) 

5 4.04 (m) 3.85 (dd, 9.0, 7.0) 3.88 (dd, 10.0, 7.5) 4.05 (dd, 9.0, 8.4) 3.85 (dd, 9.0, 7.0) 3.92 (9.0, 7.0) 

6a 4.30 (dd, 9.0,7.8) 4.02 (m) 4.28 (m) 3.94 (8.0,7.5) 4.28 (m) 4.30 (m) 

6a 4.78 (dd. 9.0. 7.7) 4.50 ct. 12.0, 13.0) 4.90 (9.0) 4.50 0, 12.0, 13.0) 4.50 (t, 12.0. 13.0) 



Table 4: 13C NMR chemical shifts of aglycone of 1,2,3,4,5, and 6 (ppm, 125 MHz, CsDsN) 

Glucoside 

Carbon 1 2 3 4 5 6 

1 26.5 26.7 26.4 26.6 26.9 25.0 
2 29.8 29.8 29.5 29.4 29.5 30.0 
3 88.0 88.0 87.4 87.4 87.4 76.2 
4 42.6 42.8 42.4 42.3 42.4 42.2 
5 144.1 144.6 144.3 144.5 144.5 144.3 

6 118.5 118.9 118.4 118.2 118.5 119.1 
7 24.8 24.9 24.7 24.7 24.9 24.5 
8 43.6 44.1 44.7 43.7 43.7 43.6 
9 40.3 40.6 40.2 40.3 40.3 40.2 
10 37.0 36.7 36.9 36.8 36.6 36.9 

11 77.9 78.1 78.2 78.0 78.0 77.8 
12 41.3 41.3 40.9 41.2 41.2 41.2 
13 47.5 47.8 47.5 47.6 47.6 47.4 
14 49.8 50.2 49.8 49.8 49.8 49.8 
15 34.8 35.1 34.7 34.7 34.7 34.5 

16 28.5 28.1 28.0 28.6 28.6 28.4 
17 51.1 51.5 51.1 51.5 51.2 51.0 
18 17.3 17.6 17.3 17.2 17.1 17.3 
19 27.2 27.3 26.7 27.1 27.2 26.7 
20 36.7 36.7 36.5 36.5 36.5 36.3 

21 19.1 19.4 19.3 19.2 19.1 18.9 
22 33.7 33.3 33.4 33.4 33.4 34.2 
23 29.8 29.8 29.7 29.6 29.5 29.0 
24 90.8 92.6 92.6 91.7 91.6 79.0 
25 72.2 73.1 72.8 72.8 72.9 72.7 

26 
27 
28 
29 

25.5 24.7 24.4 24.7 
26.6 26.7 26.4 26.3 
19.6 19.9 19.6 19.5 
28.0 27.3 27.8 27.8 

30 26.5 26.7 26.4 26.3 26.4 26.2 

24.7 
27.8 
19.5 
26.4 

25.8 
26.3 
19.3 
27.3 



Table 5: 13C NMR chemical shifts of the sugar part of 1,2,3,4, and 5 (ppm, 125 MHz, C~DSN) 

Glucoside 

Carbon - 1 2 3 4 5 

C3-0-Glc 
(Inner) 
(1) 

c3-sugar 
(Terminal, 
;Fi; 

c3-sugar 
(Terminal, 
2-l) 
(III) 

:: 
3’ 
4’ 
5’ 
6’ 
1’ 
2’ 
4’ 3’ 

5’ 
6’ 
1’ 
2’ 
3’ 
4’ 
5’ 

107.4 107.1 106.6 106.8 106.7 
75.4 75.4 75.2 75.4 75.3 
78.7 78.3 78.3 78.4 78.4 
71.8 71.6 71.4 71.5 71.7 
78.2 78.1. 78.2 77.3 77.9 
63.1 63.1 63.2 70.4 70.5 

105.1 105.3 105.5 
75.2 76.0 76.0 
76.4 71.4 71.9 78.1 71.8 78.3 

78.3 78.6 78.3 
62.5 63.0 62.9 

105.4 
75.1 
76.7 
71.6 
78.4 

C24-0-Glc 
:’ 

106.0 104.7 104.8 103.5 105.6 
(Inner) 75.4 75.6 82.9 82.7 82.6 
m 3’ 78.2 78.1 78.2 78.7 78.6 

4’ 71.8 71.9 72.9 72.8 72.9 
5’ 78.2 76.6 77.2 77.3 77.2 
6’ 62.8 70.5 70.2 70.2 70.2 

C&sugar 1’ 106.3 106.1 106.4 106.3 
(Terminal, 2’ 75.4 79.2 78.2 77.9 

c”;f 4’ 3’ 71.9 78.5 72.6 78.3 72.1 78.4 78.4 72.6 
5’ 78.5 78.2 78.7 78.7 
6’ 62.9 62.5 63.2 63.7 

c24-sugar 1’ 104.9 104.8 
(Terminal, 2’ 75.3 75.2 
2-l) 3’ 78.5 78.5 
(VI) 4’ 71.8 73.2 

5’ 78.4 77.9 
6’ 62.8 61.7 



Document Number: NLA-Bf3-011999 
Submitted to Nature’s Marvel International by Sinotech 

January 31,1999 

Nature’s Marvel International @WI) intends to submit a self-af?irrned GRAS (Generally Regard 
as Safe) petition to FDA. Preliminary information containing the following 5 Chinese documents 
(referred as Package A) were provided by the manufacturer of Lo-Han-Ku0 extract in China: 

- AC-l : Result Certificate -- Research & Development of Lo-Han-Ku0 Product (by 
Institute of Chinese Medicine, l/l l/93) 

- AC-2: Manufacturing Standard Operating Procedures (by Guangxi Yongfu Lo-Han-Ku0 
Factory, 9/2/92) 

- AC-3: Certificate of Lo-Han-Ku0 Glucosides as a Food Additive (by Guangxi Yongfu Lo- 
Han-Ku0 Factory, 6/3/97) 

- AC-4: Chemical Composition Analysis 
- AC-5: Toxicity Studies (by Institute of Chinese Medicine, 2/20/92) 

These 5 documents have been translated to English and split into 8 Sections (referred as AE-1 to 
AE-8) by NMI’s previous translators. The translated package was reviewed by NM1 and its 
regulatory consultant, CanTox. Fourteen questions on Package A were raised by CanTox to 
clarify some regulatory issues. These questions were translated into Chinese and send to the 
Chinese manufacturer of Lo-Han-Ku0 extract. The response to these questions contains multiple 
Chinese and Japanese documents (referred as Package B). Sinotech was contracted to review this 
Package, to answer these 14 regulatory questions based on the Chinese documents provided in 
Package B, and to translate only those portions of Chinese documents in Package B needed to 
answer these questions. 

Package B contains the following documents: 
- Q&A: 14 Questions in English, the Chinese translation, and the answers in Chinese 

referring the following Attachments (3 pages) 
- Attachment 1: Inspection records for 5 batches of extract, miscellaneous analysis of 2 

batches (7 pages in Chinese) 
- Attachment 2: Toxicity report of Lo-Han-Ku0 extract (2 pages in Chinese) 
- Attachment 3: Effects on immune response of Lo-Han-Ku0 extract (3 pages in Chinese) 
- Attachment 4: Assay and specifications of Lo-Han-Ku0 extract (8 pages in Chinese) 
- Attachment 5: Assay for total mogrosides in Lo-Han-Ku0 (2 pages in Chinese) 
- Attachment 6: Lo-Han-Ku0 fruit listed in Chinese Pharmacopoeia (1 pages in Chinese) 
- Attachment 6-l : Lo-Han-Ku0 fruit listed in Chinese Herb Dictionary (3 pages in Chinese) 
- Attachment 7: Pharmacological effects of Lo-Han-Ku0 extract (1 pages in Chinese) 
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- Attachment 8: Study on the extraction process (2 pages in Chinese) 
- Attachment 9: Marketing data of Lo-Han-Ku0 fiuit (1 pages in Chinese) 
- Attachment 10: Assay of mannitol in Lo-Han-Ku0 (2 pages in Chinese) 
- Attachment 11: Assay of mogrosides in Lo-Han-Ku0 (6 pages in Chinese) 
- Attachment 12: Assay of grovenorine in Lo-Han-Ku0 (3 pages in Chinese) 
- Attachment 13 : Study of sweeteners in Lo-Han-Ku0 (6 pages in Chinese) 
- Other information not directly related to Q&A: A Japanese vendor’s technical information 

regarding a sweetener product containing Lo-Han-Ku0 extract: (23 pages) 

These Attachments in Package B contain 2 to 3 times more information than the 5 Chinese 
documents in Package A. However, Some questions were not answered. A preliminary report 
was submitted by Sinotech to NM1 and CanTox on 12/13/98 for their immediate reference. 
Sinotech wrote multiple letters to request the Chinese manufacturer to clarify the answers or 
provide more information. Based on the new information, a final report was completed here. 
Information between the ‘I< >” sign were inserted by Sinotech for clarification. 

Sinotech was also contracted to prepare the Material Safety Data Sheet (MSDS) for Lo-Han-Ku0 
Extract to its best capability using the currently available Chinese information in Package B. The 
MSDS is attached in Section B-3 of this document. 
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Question #l: “Certificates of analysis on 5 batches of extract to assess the variability within the 
limits <of, the <product> specifications.” 

Answer: 

The “Inspection Records”, equivalent to Certificate of Analysis (COA), of five batches of 
product were provided by the Chinese Manufacturer (Attachment 1). The assay Standard 
Operating Procedures (SOP) referred in the “Inspection Record” appeared to be what contained 
in Attachment 4 (c.f. Question #13). 

Attachment 1 also contains other assay information for 2 batches. One data sheet reports the 
contents of crude fat (O-38%), total nitrogen (2.19%), organic carbon (61.05%), and crude fiber 
(0%) in the product sample of Batch #98 1016. The second data sheet reports the contents of 
carbon (53.13%), hydrogen (7.36%), and nitrogen (3.81%) in the product sample of Batch 
#980206. 

The specification of the Lo-Han-Ku0 Extract COA defines -77% of the contents. The rest of 
-23% material were not assayed routinely and were not defined in the COA. The assay results of 
these five COA cover 87%-90% of materials. The rest of lo%-13% material in the final product 
might be glucosides, fat, protein, pigment, ketone, etc. 

Here is the translation of the COA on 5 batches: 
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Guilin Siter New Technology Company 
Natural Botanical Product Factory 
Product Quality Inspection Record 

Product Name: Lo-Han-Ku0 Glucosides 
Batch Quantity: 5 Kg 
Inspection Method: Standard Operating Procedures 
Inspection Items: All items 

Product Specifications and Inspection Results: 

Inspection Date: 1 O/l 8/98 
Batch Number: 981016 

Sweetness >210 folds 
Water Content < 6% 
Ash Content < 1% 

Heavy Metal Ion Content < 10 ppm 

215 folds 
4.8% 
0.8% 
3 ppm 

Inspected by: ID 303, ID 309 Approved by: ID 3 10 
Date: 1 O/22/1 998 Assay & Inspection Room 
Guilin Siter New Technology Company, Natural Botanical Product Factory 
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Guilin Siter New Technology Company 
Natural Botanical Product Factory 
Product Quality Inspection Record 

Product Name: Lo-Han-Ku0 Glucosides 
Batch Quantity: 100 Kg 
Inspection Method: Standard Operating Procedures 
Inspection Items: All items 

Product Specifications and Inspection Results: 

Inspection Date: 2/7/98 
Batch Number: 980206 

Inspected by: ID 304, ID 310 Approved by: ID 305 
Date: 2/10/1998 Assay & Inspection Room 
Guilin Siter New Technology Company, Natural Botanical Product Factory 
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Guilin Siter New Technology Company 
Natural Botanical Product Factory 
Product Quality Inspection Record 

Product Name: Lo-Han-Ku0 Glucosides Inspection Date: 4/l 5/97 
Batch Quantity: 100 Kg Batch Number: 980410 
Inspection Method: Standard Operating Procedures 
Inspection Items: All items 

Product Specifications and Inspection Results: 

Sweetness >2 10 folds 
Water Content < 6% 
Ash Content < 1% 

Heavy Metal Ion Content < 10 ppm 

2 15 folds 
4.2% 
0.75% 
1 ppm 

Inspected by: ID 304, ID 309 Approved by: ID 305 
Date: 6/5/l 997 Assay & Inspection Room 
Guilin Siter New Technology Company, Natural Botanical Product Factory 
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Guilin Siter New Technology Company 
Natural Botanical Product Factory 
Product Quality Inspection Record 

Product Name: Lo-Han-Ku0 Glucosides Inspection Date: 5/20/96 
Batch Quantity: 300 Kg Batch Number: 9605 18 
Inspection Method: Standard Operating Procedures 
Inspection Items: All items 
Product Specifications and Inspection Results: 

Inspected by: ID 304, ID 310 Approved by: ID 305 
Date: 5/25/1996 Assay & Inspection Room 
Guilin Siter New Technology Company, Natural Botanical Product Factory 
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Guilin Siter New Technology Company 
Natural Botanical Product Factory 
Product Quality Inspection Record 

Product Name: Lo-Han-Ku0 Glucosides Inspection Date: 1 l/25/95 
Batch Quantity: 100 Kg Batch Number: 95 1120 
Inspection Method: Standard Operating Procedures 
Inspection Items: All items 
Product Specifications and Inspection Results: 

Items 
Color 

Appearance 

Specifications 
Yellow - --- . . 

Powder 

Inspection Results 
Yellow 
Powder 

Odor Light Fragrance 
Solubility Easily dissolved in water or 

Light Fragrance 
Passed 

Glucoside Content 
Sweetness 

Water Content 
Ash Content 

Heavy Metal Ion Content 

diluted ethanol 
> 70% 

>210 folds 
< 6% 
< 1% 

< 10 ppm 

82.3 % 
220 folds 

3.7% 
0.8% 

2 ppm 

Inspected by: ID 304, ID 309 
Date: 12/l/95 

Approved by: ID 3 10 
Assay & Inspection Room 

Guilin Siter New Technology Company, Natural Botanical Product Factory 
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Question #2: “Name of which pesticides that are applied on the crop and tree. Pesticide test 
results.” 

Answer: 

The seedlings were applied with small amount of pesticides referred by the Chinese 
Manufacturer as “ester-likes-~om-insect-propelling43rysanthemum”, which is defined as 
pesticides extracted from the Chrysanthemum family such as permethrin, fenvalerate, 
tetramethrin, allethrin, cypermethrin, etc. The usage of pesticide depends on the degree of pest 
infection. The pesticide is usually sprayed between April and May, while Lo-Han-Ku0 blooms 
in August and the fruits are harvested in October. There is no reason to expect there would be 
any pesticide in the product extracted from the fruits since the spray occurs months before the 
blooming season. 
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Question #3: “Material Safety Data Sheet <for the Lo-Han-Kuo Extract Product>” 

Answer: 

An MSDS for Lo-Han-Ku0 Extract was prepared by Sinotech using information from the 
Chinese documents in Package B. The MSDS format was created based on the MSDS form 
suggested by U.S. Department of Labor and the guidelines set up by Office of Safety and 
Hygiene Administration (OSHA). The MSDS of chemicals or biochemical agents sold by several 
US companies were also used as a reference. A conservative approach was taken to prepare the 
MSDS. Multiple carcinogenic lists published by government offices have been checked to 
confirm that the active ingredients of Lo-Han-Ku0 extract are not listed in these tables and are not 
considered as carcinogenic or toxic. 

Here is the MSDS: 
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Nature’s Marvel International 

1681 Alta La Jolla Drive 
La Jolla, CA 92037, USA 

Emergency l-619-456-4501 
Fax 1-619-459-2428 

MATERIAL SAFETY DATA SHEET MSDS NLE-1.3 l-l 9-99 

SECTION 1 - PRODUCT IDENTIFICATION 

Product Name: Lo-Han-Ku0 Glucosides 
Catalog #: NLE-001-10 
Product Description: Extract of Lo-Han-Ku0 fruits (Siraitia grosvenori, Swingle) 
Appearance: Dry powder 

SECTION 2 - COMPONENTS/INGREDIENT INFORMATION 

Common Name: Mogrosides 
Trade Name: to be determined 
Composition: Mogrosides 

SECTION 3 - HAZARDS IDENTIFICATION 

Label Precautionary Statements: 
Avoid inhalation. Inhalation may cause irritation or allergic reaction. 
Avoid contact with skin and eyes. 

SECTION 4 - FIRST AID MEASURES 

In case of contact with eyes, immediately flush eyes with copious amounts of water for 
at least 15 minutes. 

If ingested, rinse mouth with water followed by drinking water. 
If inhaled remove person to fresh air. If allergic reaction occurs seek medical help. 
In case of contact with skin, wash skin with soap and water. 

SECTION 5 - FIRE FIGHTING MEASURES 

Extinguishing media : Water spray, carbon dioxide, dry chemical powder or appropriate 
foam. 

Combustion Products : Carbon monoxide and carbon dioxide 
Special Fire-fighting Procedures : Wear self-contained breathing apparatus and protective 

clothing to prevent contact with skin and eyes or inhalation. 
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SECTION 6 - ACCIDENTAL RELEASE MEASURES 

Wear respirator, rubber gloves, chemical safety goggles and protective clothing. 
gently, 

Sweep up 
minimizing the raising of particulate, place in bag and hold for waste disposal. 

Wash spill site with soap and water after material pickup is complete, then ventilate area. 

SECTION 7 - HANDLING AND STORAGE 

Storage: Store in tightly sealed containers. Although the product may be stored at room 
temperature, storage at 4 0pC is recommended. 

Handling : Do not handle without the proper safety equipment outlined in Section 8. 

SECTION 8 -EXPOSURE CONTROLS/PERSONAL PROTECTION 

Wear appropriate NIOSH approved respirator, chemical resistant gloves, safety goggles, 
and other protective clothing. Use only in a chemical fume hood. 

Do not breathe dust. 
Do not get in eyes, on skin, or on clothing. 
Wash thoroughly after handling. 

SECTION 9 - PHYSICAL AND CHEMICAL DATA 

Physical state : Dry powder Odor : Light fragrance 
Color: Ranges from yellow to light yellow Vapor Density: N/A 
Percent Volatile: N/A Specific Gravity: N/A 
Vapor Pressure: N/A Melting Point: N/A 
Solubility in Water: N/A NFPA Rating: N/A 
Evaporation Rate: N/A Flash point: N/A 

SECTION 10 - STABILITY AND REACTMTY 

Stability: Stable 
Incompatibilities: Strong oxidizing agents 
Hazardous Decomposition Products: Thermal decomposition may produce carbon 

monoxide, carbon dioxide, nitrogen oxides and sulfur oxides. 
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SECTION 11 - TOXICOLOGICAL INFORMATION 

Not listed as a carcinogen by the National Toxicological Program (NIP), the International 
Agency for Research on Cancer (IARC), or by OSHA. Not listed by the Registry of 
Toxic Effects of Chemical Substances (RTECS). 

TOXICITY DATA 
Oral-Rat LD50: > 24 mg/kg 
Intravenous-Mouse LD50: N/A 

SECTION 12 - ECOLOGICAL INFORMATION 

NO evidence of ecological toxicity, mobility, degradability, or bio-accumulation. Fher 
data not yet available. 

SECTION 13 - DISPOSAL CONSIDERATIONS 

Combine material with combustible solvent and incinerate in a chemical incinerator which 
is properly equipped with afterburner and scrubber. 

SECTION 14 - TRANSPORT INFORMATION 

Contact Nature’s Marvel International for transportation information. 

SECTION 15 - REGULATORY INFORMATION 

The product is not listed as a hazardous substance under 40 CFR section 302.4 pursuant 
to CERCLA; it is not listed as an extremely hazardous substance under Appendix A to 40 
CFR 355; it is not listed as a hazardous waste under 40 CFR section 261, pursuant to 
RCR4; it is not listed in the 29 CFR part 1910, subpart Z list under OSHA; and is not 
considered a hazard under the List of Threshold Limit Values for Chemical Substances 
and Physical Agents in the Work Environment published by ACGIH. Other regulatory 
requirements are unknown at this time. 

SECTION 16 - OTHER INFORMATION 

The enclosed information is based on information Nature’s Marvel International believes 
to be accurate, however; it should not be considered all inclusive, as it is to serve only as a 
guide. Proper handling should be exercised at all times. Nature’s Marvel International 
shall not be held liable for any damage resulting from the handling or contact with this 
product. 
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Question #4: “Analytical method to verify the quantity of Lo-Han-Ku0 <active ingredients> in 
food” 

Answer: 

This question is redundant to Question #l 1, as confirmed by CanTox on 1 l/30/98. Please refer 
to Section B-l 1 for details. 
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Question #5: “Report from Chinese government and/or the factory which shows the production 
of the extract and sales of extract before 195 8” 

Answer: 

According to Attachment 9, Lo-Han-Kuo fruits had been used as a supplement of Chinese herb 
medicine before 1970, and the commercialization of Lo-Han-Ku0 extract products was started 
from 1980 (c.f. Section B-8). The usage of Lo-Han-Ku0 fruits before 1958 was described in 
Document AC-3, Certificate of Lo-Han-Ku0 Glucosides as a Food Additive, but was not 
translated by NMI’s previous translator. The related portions were translated here: 

“Lo-Han-Ku0 has been used by Chinese for drink and medicine for more than 300 
years. Its value as a natural sweetener and a herb medicine has been well 
recognized.” 

“Lo-Han-Ku0 is an unique herb only found at the south part of China, especially 
around Yongfu, Lingqua, Longshen areas at the north of Guangxi Province. As the 
production center of Lo-Han-Kuo, Guangxi Yongfu area produces approximately 
70% of Lo-Han-Ku0 in China.” 

“According to the County History of Guangxi Yongfu, local people has cultivated 
Lo-Han-Ku0 crops and collected the fruits for more than three hundred years. 
The Guangxi Chinese Medicine printed in 1963 described the detailed record of 
using Lo-Han-Ku0 as a medicine in 1885 at Guangxi Yongfu.” 

“According to the Guangxi Chinese Medicine, Lo-Han-Ku0 is sweet, not toxic, 
beneficial to Lung and Spleen Channels <of Qi>. It can stop coughing, improve 
digestion, and serve as a retigerant. It can be used to cure coughing, constipation, 
etc.” 

The historical record of the usage of Lo-Han-Ku0 fruits by Chinese for at least 300 years can 
help justifying the GRAS status of Lo-Han-Ku0 extract. 
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Question #6: “A copy of the 1997 China Pharmacopoeia listing” 

Answer: 

The Lo-Han-Ku0 section in the China Pharmacopoeia 1995 edition (Attachment 6) was 
translated below. 

Important Notes: This Chinese document contains some Chinese medicine concepts which are 
very different to those of the Western medical science. Chinese medicine is based on “Qi” which 
is the internal energy flowing in the “Channels” of human body and can be felt, controlled, and 
enhanced by practicing “Qi-Gong”. According to the Chinese medicine: when the ‘lying” and 
“yang” Qi are not balanced or the flow of Qi is blocked, illness will occur. To cure the illness, 
one must balance the ying and yang by herb medicine, acupuncture, practicing Qi-Gong, etc. The 
original description of Lo-Han-Ku0 as a Chinese herb medicine in these documents can be very 
confusing to most Western scientists. To avoid raising more questions than answering them, 
Sinotech has translated the document in such a way which can be better understood by regular 
Western scientists. For example: the original statement of “It can put off the FIRE <i.e. too 
much yang Qi> in lung” was translated into “It can help the function of lung”, which is not what 
the Chinese document literally said but is what it means, at least to Sinotech’s best knowledge. 
Sinotech can translate it in a more literally “accurate” .(but confusing) way if it is what NM1 and 
CanTox prefer. 

Here is the translation of Attachment 6: 
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China Pharmacopoeia, 1995 edition, page 185 

Luo-han-kuo (Fructus Momordicae) 

The Subject is the dried fruit of a cucurbitaceous plant, Lo-Han-Ku0 (Momordica 
grosvenori Swingle). The fi-uit is harvested in the Fall when it turns from light 
green to dark green. The fruit is partially dried in the shade for several days and 
further dried by baking at a medium temperature. 

[Appearance]: The Subject is oval or spherical with a height of 4.5 to 8.5 cm and 
a diameter of 3.5 to 6 cm. The surface is brown, light brown, or greenish brown 
with dark spots and yellow fuzz. It might have 6 to 1 I strips, with residual 
style at the top and the scar of peduncle at the bottom. It is light and crispy. The 
(outer) pericarp is thin and can be easily broken. The pulp (i.e. middle and inner 
pericarps) is spongy and light brown. Numerous seeds are flat, circular, pink to 
brownish red with a length of -1.5 cm and a width of -1.2 cm. The seed is 
concave in the center with radial streaks on the side and a groove on the edge of 
the seed. The Subject has a light odor and is sweet. 

[Identification]: 

1. The powder product of this Subject is brown. The pericarp cells usually 
remain in groups, and are yellowish and in square or oval shape with diameters of 
7-38 micrometers. The cell walls are thick with clear holes and grooves. The cells 
of seed skin are in rectangular or irregular shape with thin cell wall, holes and 
streaks on the surface. The fibers are in long shuttle shape with diameter of 16-42 
micrometers, large cell chamber, clear holes on the cell wall. The xylem vessels 
contain step-wise or helical streaks. “Thin wall” cells are in irregular shapes with 
streaks. 

2. Mix 2 g of the powder product with 20 mL of 50% ethanol. Heat for 30 
minutes with vapor condensed and recycled. Filter the mixture and concentrate 
the filtrate to 5 mL by evaporation. Extract the concentrate with 10 mL and repeat 
with 5 mL of n-butanol. Completely evaporate the combined butanol solution 
and add 0.5 mL of methanol to dissolve the residual for assay. Repeat the above 
step using standard product to prepare the “control” sample for assay. Following 
the standard thin layer chromatography procedures (Appendix VI-B) to load 10 
micro-liters of both methanol samples on the silicon-G plate and elute with 
chlorofonn:methanol:water (60: 1O:l). After elution and drying, spray the plate 
with 10% sulfuric acid / ethanol solution and dry with hot air until the color of 
spots is clear. The sample should have the same spot at the same location on the 
chromatogram comparing with the control. 

[Characteristics]: Sweet and refrigerant. Beneficial to Lung and Intestine 
Channels <of Qi>. 
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[Functions]: It can help the function of lung and serve as a refrigerant. It can 
resolve constipation by improving the function of intestines. It can be used to 
cure hacking cough, throat pain, aphasia, constipation, etc. 

[Dosage]: 9-15 g 

[Storage]: Keep it dry. Prevent mold growing and insect biting. 
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Question #7: “Copy of 1987 listing of Lo-Han-Ku0 as a medicine or herb or dietary supplement 
by the Chinese Academy of Medicine of the Ministry of Hygiene” 

Answer: 

The 1987 listing of Lo-Han-Ku0 as g health enhancing medicine by the Ministry of Hygiene, 
People’s Republic of China is translated below. The information inside of the sign, < 
added by Sinotech for clarification. 

>, was 
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Regulation of Chinese Health Enhancing Medicine 

Ministry of Hygiene, People’s Republic of China 
Document ID: Wei-Yao (87) #70 

October 28,1987 

1. This regulation was formulated based on the “Drug Administration Law of 
People’s Republic of China” to enforce the regulation of “Chinese health enhancing 
medicine” and to protect the health of Chinese people. 

2. “Chinese health enhancing medicine” refers to the medicine which has definite 
benefits on enhancing human health or curing health problems, is nutritious, and 
has no toxic effect on human body even after being taken regularly for a long time. 

3. “Chinese health enhancing medicine” must not contain medicine with toxicity, 
radioactivity, psychotic effect, or anesthetic effect. In general, it does not use 
materials from endangered animals, endangered plants, or importing materials as its 
major raw materials or components. 

4. All additives or ingredients used for “Chinese health enhancing medicine” must 
follow the requirements and regulations for food and drugs. 

5. The production and clinical trials of “Chinese health enhancing medicine” must 
be inspected and approved by the Office of Hygiene of each province, 
autonomous region, or city. The approval document must be submitted to the 
Ministry of Hygiene, with a approval ID following the format of “province-Wei- 
Yao-Chan (year)Z-number”. For example: “Herpei-Wei-Yao-Chan (87)Z-01 ‘I. 
The medicine approved by the Office of Hygiene of each province, autonomous 
region, or city will not be granted with a “Certificate of New Drug” and will not be 
entitled to the grace period of New Drug. To obtain the “Certificate of New 
Drug” for a “Chinese health enhancing medicine”, the local Office of Hygiene must 
submit the documents to the Ministry of Hygiene for approval. The approval 
process will be identical to “Class III (Chinese Medicine) New Drug Application”. 
The approval ID will follow the format of “(year)-Wei-Yao-Chan Z-number”. 

6. The application information package of “Chinese health enhancing medicine” 
must follow the requirement of “Class III (Chinese Medicine) New Drug 
Application”. Since “Chinese health enhancing medicine” is usually taken on a 
routine basis for a long time, the safety issue must be the focus. 

7. The production and management organizations of “Chinese health enhancing 
medicine” must be regulated following Chapter 2 and 3 of “Drug Administration 
Law”. 
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8. The packaging, advertisement, labeling of “Chinese health enhancing medicine“ 
must be regulated in the same way as “Therapeutic Medicine” following “Drug 
Administration Law”. 

9. The expenses of using “Chinese health enhancing medicine“ should not be 
reimbursed by the government. 

10. This regulation is effective immediately. Any violation of this regulation must 
be prosecuted according to “Drug Administration Law”. 

(First Batch) 

Under Item #8 of “The Food Hygiene Law of People’s Republic of China“, the 
following listed materials are both food and medicine according to Chinese 
tradition: 

A. Species listed in both “Pharmacopoeia of People’s Republic of China’ 1985 
edition“ and “Food Ingredients Table, 198 1 edition #3” (excluding wild vegetables) 
published by the Institute of Hygiene of the Chinese Academy of Medicine. 

B. The following items: 

1. Wu-Shau snake <body of Zaocys dhumnades Cantor> 
2. Viper <body of Agkistrodon halys Pallas> 
3. Chinese jujube <seed of Zizyphus jujuba Mill. or Z. vulgaris Lamarck var. 
spinosus Bunge> 
4. Oyster shell <shell of Ostrea gigas Thunb, 0. rivularis Gould, 0. 
talienwhanensis Cross* 
5. Gardenia <fruit of Gardenia jasminoides Ellis> 
6. Licorice <root of Glycyrrhizae radix, G. uralensis, or G. glabra> 
7. Dai-Dai flower <flower of Citrus aurantium L. var. amara Engl.> 
8. Lo-Han-Ku0 <fruit of Siraitia grosvenorii (Swingle) C. Jeffrey ex A.M. Lu et 
Z. Y. Zhang> 
9. Cassia <bark of Cinnamomum cassia Presl> 
10. Sickle senna <seed of Cassia tora L.> 
11. Tsai-Lou-Zi <seed of Raphanus sativus L.> 
12. Dried orange peel < fruit skin of Citrus reticulata Blanco> 
13. Sha-Ren < fruit of Amomum longiligulare T. L. Wu> 
14. Black plum <fruit of Prunus mume Sieb. et Zucc.> 
15. Ro-Do-Ku0 <seed of Myristica fragrans Houto 
16. Angelica < root of Angelica dahurica Benth. et Hook> 
17. Winter aster <flower of Chrysanthemum morifolium Ramat or C. indicum L.> 
18. Bishop wort <plant of Agastache rugosa (Fisch. et Mey.) 0. Ktze.> 
19. Sha-Ji <fruit of Hippophae rhamnoides L. subsp. (yunnanensis, turkestanica, 
mongolica, or sinensis) Rousi> 
20. Yu-Li-Ren <seed of Prunus humilis Bge or P. japonica Thunb.> 
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21. Chinese white olive +i-uit of Canarium album raeusch> 
22. Longstamen onion leaf <leaf of Allium macrostemon bge> 
23. Peppermint<plant of Mentha haplocalyx Briq.> 
24. Clove < flower bud of Eugenia aromatica Merr.1 et Perry, E. caryophyllata 
Thunb., Syzygium aromaticum, or Caryophyllus aromaticus> 
25. Kao-Lian-Jiang <seed of Sorghum vulgare pers> 
26. White nut < nut of Ginkgo bilobal> 
27. Xiang-Xiu <plant of Rabdosia rosthomii (Diels) Ham, Mosla chinensis 
Maxim., M. dianthera (Buch. Ham.) Maxim., Origanum vulgare L., Elsholtzia 
densa Benth, E. stanuntonii Benth., or E. eriostachya Benth> 
28. Huo-Ma-Ren <fruit of Cannabis sativa I.> 
29. Mandarine orange <skin of the fruit of Citrus tangeriana Hart. et Tanaka, C. 
erythrosa Tanaka, C. grandis Osbeck var. tomentosa Hort., or C. chachiensis 
Hart.> 
30. Tuckahoe < fruit body of Poria cocos Wolff = Pachyma hoelen Rumph> 
3 1. Xiong Yuan <fruit of Citrus wilsonii Tanaka> 
32. Safflower <flower of Carthamus tinctorius L.> 
33. Purple perilla <leave of Perilla frutescens Britton var. crispa Decaisne or P. 
fiutescens Britton var. acuta Kudo> 
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Question #8: “Any survey, report or scientific publications which estimates daily, weekly, 
monthly or yearly consumption of Lo-Han-Kuo“ 

Answer: 

Attachment 9 (Journal of Chinese Medicine Information 1996(9)13) contains some marketing 
information about the consumption of Lo-Han-Kuo. Please note that the units are very different 
from what in the Western world. Some conversion factors are listed here: 
- Weight: 1 “Jin” is 0.5 kilogram 
- Area: 1 “Mu” is 0.1647 acre 
- Currency: 1 “Yuan” in Ren-Min-Bi @MB) is equivalent to approximately l/8 US dollars. 

Here is the translation of Attachment 9: 
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Journal of Chinese Medicine Information, 1996 
Volume 3, Number 9, pave 13 

Market of Chinese Herb Medicine: 
Analysis of the Production and Sales of Lo-Han-Ku0 

Lo-Han-Kuo, or Han-Kuo, is the dried fruit of a cucurbitaceous plant. It can help 
the function of lung and serve as a refrigerant. It can resolve constipation by 
improving the function of intestines. It is mainly produced in Guangxi, especially 
at the Y0ngfi.r and Lingqua areas, which are known as “the county of Lo-Han- 
Kuo”. It is not only sued as a supplement of herb medicine, but also used as the 
major components of many over-the-counter Chinese medicine. It is also a 
traditional exporting item, among many other Chinese herb medicine. Lately, 
many local government o&es have considered Lo-Han-Ku0 as a major business. 
The production of Lo-Han-Ku0 has increased very significant. The total 
cultivation area is over 10,000 “Mu” and the annual production volume is around 
50-60 million “Jin”. 1995 was a bumper year for Lo-Han-Kuo, with the annual 
production over 60 million Jin. Despite of the increase of production, the sale 
was even better than before and the price was doubled. The current price at 
production site of Lo-Han-Ku0 fruit has increased from 0.62 Yuan in last year to 
1.2 Yuan in this year for each large-size fruit; from 0.45 to 1.0 Yuan for each 
medium-size fruit; and from 0.26 to 0.5 Yuan for each small-size fruit. Based on 
the author’s investigation, the price increase was due to the following reasons: 

1. The medical value was confirmed and the usage volume increased: Before 1970, 
Lo-Han-Ku0 had only been used in the Guangxi and Guangdong areas as a local 
Chinese herb medicine. It was seldom used in other areas. The annual production 
and sale volume was less than 10 million Jin. After the medial application of Lo- 
Han-Ku0 was recorded in the 1991 edition of Pharmacopoeia of People’s Republic 
of China’ the application has been spread to the whole China and the medical 
effects have been confirmed again and again. With the confirmed medial value, Lo- 
Han-Ku0 started to be sold in the whole China. Sine 1980, the sale volume 
increased year after year. In the 1990’s, the sales increase dramatically. According 
to data gathered by government, the annual domestic sales were 5 million piece of 
fkuits in 1970’s, 15 million pieces in late 1980’s, 25 million pieces .lately, and over 
30 million pieces in 1995. 

2. The types of applications increased: For a long time before 1970’s, Lo-Han- 
Kuo had only been used as a supplement of herb medicine. Since 1980, the 
medical usage of Lo-Han-Ku0 has been increased with the growth of Chinese 
medicine industry. To date, there are over 20 over-the-counter Chinese medicine 
products and approximately 10 health products using Lo-Han-Ku0 as the main 
raw material. There are more than 50% of domestic sales of Lo-Han-Ku0 was as 
the raw material for the above mentioned products. In addition, Lo-Han-Ku0 is 
also used to prepare drink. It is sweet, tasty, refrigerant, and known to be helpful 
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for the lung. The Lo-Han-Ku0 drink is very popular and contributes to the sales 
of Lo-Han-Kuo. 

3. The export volume increased: Lo-Han-Ku0 is a traditional exporting item among 
many other Chinese herb. It is very welcomed by other countries. Since 1980, 
Lo-Han-Ku0 and its over-the-counter medicine products have entered the Europe 
and America markets. According to related government offices, the export amount 
of Lo-Han-Ku0 increases 2% per year. Annual export amount increases more 
than 6 folds, from 5 million pieces in 1970 to 35 million pieces of Lo-Han-Ku0 
fruit in 1995. Lo-Han-Ku0 is mainly exported from Guangzo, Shanghai, and 
Tianjin 

Due to the above mentioned reasons, the recent production volume of Lo-Han- 
Kuo cannot meet the demand of domestic and foreign markets, causing the price to 
increase. According to the market trends, we must increase production to fulfill 
the market demand by improving cultivation techniques and area productivity. 
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Question #9: “On what basis is the chemical composition of Lo-Han-Ku0 Extract standardized 
(Total Mogrosides? An individual Mogroside?)” 

Answer: Total Mogrosides 
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Question #lo: “What are the chemical composition specification limits” 

Answer: 

The chemical composition specifications have been provided and translated in the 5 COA under 
Question # 1. 
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Question Ml: “What method (complete detailed steps) is used to measure the amount of Lo- 
Han-Ku0 extract in foods to which it has been added and what procedure is used to validate the 
method (details)” 

Answer: 

The Chinese manufacturer provided- a procedure for measuring the amount of Lo-Han-Ku0 
extract in foods (referred as “Lo-Han-Ku0 Products” by the Chinese manufacturer) to which it 
has been added. The information is translated below: 
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Assay Methods for the Contents of Lo-Han-Ku0 Glucosides 
in Lo-Han-Ku0 Products 

China Guilin Siter New Technology Company 
Natural Botanical Product Manufacturer 

l-4- 1999 

1. Instrument and Reagents 

1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 

UV Spectrometer 
Electronic Balance (l/l 00,000 sensitivity) 
Lead acetate 
Methanol 
Ethanol, anhydrous 
ValliUl 
Sulfuric Acid 
Standard sample of Lo-Han-Ku0 Extract 

2. Establishment of Standard Curve 

Weigh exactly 30 mg of Lo-Han-Ku0 Extract Standard and add into a 10 mL 
volumetric bottle. Add 700/, ethanol to dissolve and Q.S. to the final volume<of 
10 mL>. Mix well and pipette exactly 25, 50,75, 100,125 microliters of solution 
to 10 mL test tubes with sealing caps. Add 70% ethanol to each tube and Q.S. to 
0.5 mL. Add 0.5 mL of 10% vanillin - ethanol solution to each tube. Mix well and 
sit the tubes in ice bath. Add 5 mL of 75% sulfuric acid solution and mix well. 
Heat the tubes to 50 C for 20 minutes then put tubes back to the ice bath 
immediately. After 10 minutes in ice bath, measure the absorbence at 530 nm, 
which is the wave length of peak absorbence. Plot the amount of Standard vs. the 
absorbence to establish the Standard Curve. 

3. Determination of the Content <of Lo-Han-Ku0 Extract> in the Sample 

3.1 Sample preparation: 

Weigh exactly 20 g of Lo-Han-Ku0 product and suspend with distilled water. 
Transfer the suspension into a 250 mL flask. After soaking for 1 O-l 5 minutes, 
add 2-5 mL of neutralized lead acetate to remove protein. Mix well for 10 minutes 
and add water to 150 mL. Filter to remove precipitate. Rinse the precipitates 
with 30 mL of water for 3 times (90 mL total amount of water)Combine all filtrate 
solutions. Add the filtrate to a 500 mL round bottom bottle and concentrate until 
it is dry by rotating film evaporation. Add 100 mL of methanol and 5 gmrn of 
anhydrous sodium sulfate and extract the dried material by heating with reflux 
condensation for 1 hour. Filter the extraction suspension after cooling and repeat 
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the above methanol-sodium sulfate extraction process. for a total of three times. 
Combine three filtrates and concentrate by a K-D concentrator until it is dry. 

3.2 Measurement of Lo-Han-Ku0 glucosides 

Add 70% ethanol to dissolve the dry material in the K-D concentrator and remove 
the solution to a 10 mL volumetric bottle. Add 70% ethanol and Q.S. to the fRinal 
volume of 10 mL. Mix well and pipette exactly 75 microliters of solution to a 10 
mL test tube with sealing caps. Follow the steps in Section 2 to measure the 
absorbence. Use the Standard Curve to convert the absorbence to the equivalent 
amount of Standard in microgram, “C”. The Content <of Lo-Han-Ku0 Extrace in 
the Sample can be determined by the following equation: 

Content in Sample (%) = C / (7.5 x W) x 100% 

where C = the amount obtained from the Standard Curve, micro-gram 
W = the amount of Sample, mg 
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Question #12: “Have chemical abstract system registry numbers been assigned to Lo-Han-Ku0 
or any of it’s constituents (Mogrosides, etc.). If so, please indicate those numbers.” 

Answer: 

The chemical abstract service registration numbers of mogrosides were identified by Sinotech: 

Mogroside IV: 89590-95-4 
Mogroside V: 88901-36-4 
Mogroside VI: 89590-98-7 
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Question #13: “What is the source, chemical composition and method of standardization for Lo- 
Han-Ku0 “Standard” used in chromatographic and other analysis <at the Manufacturer’s site>” 

Answer: 

Attachment 4 is the SOP of Guilin Siter Factory which describes the assay and standard used to 
generate the COA of 5 batches provided for Question 1. It contains most information needed to 
answer this Question: 

- Method of Standardization: See Item 4.2.2 of the SOP (Attachment 4) for details. 
- Chemical composition of Standard: Lo-Han-Ku0 mogrosides, etc. (c.f. Item 3.2 of the SOP) 
- Source of Standard: Lo-Han-Ku0 Extract produced in Guilin Siter Factory (c.f. Item 4.2.1.6) 

Here is the translation of Attachment 4: 
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Guilin Siter New Technology Company 
Natural Botanical Product Manufacturer 

Standard Operating Procedures 

Q/TRPOO2-1995 

Lo-Han-Ku0 Glucosides 

Guangxi Zuang Tribe Autonomous Region 
Technology Inspection Bureau 

Standard Operating Procedures Filing & Registration Stamp 
#450000 

Publishing Date: 1995-07-l 0 Effective Date: 1995-08-05 
Published by: Guilin Siter New Technology Company, Natural Botanical Product Factory 

1.0 Scope and Contents 

This Standard Operating Procedures (SOP) apply to the Lo-Han-Ku0 Glucoside 
Powder extracted and purified from fresh or dried Lo-Han-Ku0 fruits. 

2.0 <Reference> Procedures Cited 

GB 5009.3 Assay Procedures for Water Content in Food 
GB 5009.4 Assay Procedures for Ash Content in Food 
GB 8451 Assay Procedures for Heavy Metal Content in Food 
GB 8450 Assay Procedures for Arsenic Content in Food Additives 
GB 7718 General Standards for Food Labeling 

3.0 Specifications 

3.1 Appearance Specification 

3.1.1 The product should be light yellow or yellow powder and very soluble in 
water and ethanol. 

3.1.2 The product should have the unique fragrance of Lo-Han-Ku0 and is very 
sweet. 

3.2 Physical Property Specifications 

Physical Property Specifications of Lo-Han-Ku0 Extract 
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Item Grade 1 I Grade 2 I 
Specification 

> 85 % 
Specification 

3 75 % Glucosides 
Sweetness 

Water 
Lead (Pb) 

.- .” 

240 210 
= 2.0 % < 2.2 % ~~ 
< 5 % < 6 % 

< 0.002 % < 0.002 % 
< 0.0001 % 
3430,165l. 

< 0.0001 % 
3430,1651, 

Arsenic (As) 
Infka Red Characteristic 
Peaks (wave number) 

+/- 10 cm -1 
. 1454,1377, 1454; 1377; 

1166,1075 1166,1075 

4.0 Assay Methods 

Unless noted differently, only distilled water or equivalent is used. All reagents 
are “analysis” grade. 

4.1 Sensational Inspection 

Put the sample on white paper and inspect it under appropriate natural light. It 
should be in light yellow or yellow color with the unique fragrance of Lo-Han- 
Kuo. Dissolve the sample in water to 1% concentration, the solution should taste 
very sweet. 

4.2 Quantitative Analysis 

4.2.1 Instrument and Reagents 

4.2.1.1 W Spectrometer 
4.2.1.2 Electronic Balance (l/100,000 sensitivity) 
4.2.1.3 Ethanol, anhydrous 
4.2.1.4 Vanillin 
4.2.1.5 Sulfuric Acid 
4.2.1.6 Standard sample of Lo-Han-Ku0 Extract -- Provided by this Factory. 

Store the Standard in a brown sealed bottle and place the bottle in a 
desiccator. Replace the Standard every other year. 

4.2.2 Establishment of Standard Curve 

Weigh exactly 30 mg of Lo-Han-Ku0 Extract Standard and add into a 10 mL 
volumetric bottle. Add 70% ethanol to dissolve and Q.S. to the final volume of 10 
mL. Mix well and pipette exactly 25, 50, 75, 100, 125 microliters of solution to 
10 mL test tubes with sealing caps. Add 70% ethanol to each tube and Q.S. to 0.5 
mL. Add 0.5 mL of 10% vanillin - ethanol solution to each tube. Mix well and sit 
the tubes in ice bath. Add 5 mL of 75% sulfuric acid solution and mix well. Keep 
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. 

the tubes in 50 C water batch for 20 minutes then put back to the ice bath 
immediately. After 10 minutes in ice bath, measure the absorbence at 530 nm, 
which is the wave length of peak absorbence. Plot the amount of Standard vs. the 
absorbence to establish the Standard Curve. 

4.2.3 Determination of the Content <of Lo-Han-Ku0 Extraco in the Sample 

Weigh exactly 30 mg of Sample and add into a 10 mL volumetric bottle. Add 70% 
ethanol to dissolve and Q.S. to the fhral volume of 10 mL. Mix well and pipette 
exactly 75 microliters of solution to a 10 mL test tube with sealing caps. Follow 
the steps in Section 4.2.2 to measure the absorbence at 530 nm. Use the Standard 
Curve to convert the absorbence to the equivalent amount of Standard in 
microgram, “C”. The Content <of Lo-Han-Ku0 Extraco in the Sample can be 
determined by the following equation: 

Content in Sample (%) = C / (7.5 x W) x 100% 

where C = the amount of Standard obtained from the Standard Curve, micro-gram 
W = the amount of Sample, mg 

4.3 Determination of Sweetness 

Weigh 2 g of sucrose and dissolve in 100 mL of distilled water to prepare a 2% 
solution. Weigh 2 g of Sample and also prepare a 2% solution. Dilute the 2% 
Sample solution for 210 folds with distilled water. Compare the dilution Sample 
solution with the sucrose solution <by tasting io. When the sweetness of these 
two solutions are equivalent, the dilution factor <of the 2% Sample solution> is 
the ‘Sweetness” of the Sample. 

4.4 Determination of Water Content 

Follow Procedure GB5009.3 

4.5 Determination of Ash Content 

Follow Procedure GB5009.4 

4.6 Determination of Heavy Metal (based on lead, Pb) Content 

Follow Procedure GB845 1 

4.7 Determination of Arsenic Content 

Follow Procedure GB8450 

4.8 Infra Red Spectrum 
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4.8.1 Principle: 

Mix the Sample with potassium bromide and press into a chip for Infra Red 
spectrum measurement. 
Sample and the Standard. 

Compare the characteristic peaks on the spectrums of the 

4.8.2 Instrument: 

In&a Red Spectrophotometer 

4.8.3 Determination of the Wave Numbers of Infka Red Spectrum 

Following the standard “Potassium bromide press chip method” of India Red 
Spectrum Measurement, mix the Sample with potassium bromide in a ratio of 
1 :lOO. Press the mixture into a chip and measure the Infka Red Spectrum. The 
Wave Numbers of the Sample spectrum should be consistent with what listed in 
the Physical Property Specification Table (Section 3.2). The Spectrum of 
Standard is attached in the following figure: 

N:COLCT OX vc. 56 16 Jun 95 t9:29:4c 
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5.0 Inspection Guidelines 

5.1 The product should be inspected by the Technical Inspection Department of 
the production factory. All products released from the factory must meet the 
specifications listed in this SOP. Each batch of product released from the factory 
must be accompanied with a Certificate of Quality Assurance confirming that the 
quality meets the specifications. 

5.2 Take samples from more than 10% of packages in each batch, or at least 3 
packages, whichever is larger. Remove 10 grams of sample from each package and 
mix all samples together. Divide the mixed sample into four groups and take 30 
grams to put into two clean polyester bags. Put the each bag into another 
complex aluminum bag and seal. Label the bags with product name, batch number 
and sampling date. Take one bag for assay and another as the archive sample. 

5.3 Every batch must be inspected against the Physical Property Specifications. 

5.4 If the inspection results indicate that there is one item does not meet the 
specification, the inspection of the failed item can be repeated to determine the 
fate of this batch. If the repeated inspection still fails to meet the particular 
specification, the particular batch fails to meet the specifications. 

5.5 When the customer and the factory disagree on the quality of product, both 
parties may negotiate or authorize an arbitrate organization to conduct the 
inspection according to this SOP. 

5.6 Any product quality issues caused by inappropriate shipping or storage 
should not be the responsibility of the factory. It should be the responsibility of 
the organization handling shipping and storage. 

6.0 Packq$ng, Labeling, Shipping, and Storage 

. 6.1 Product should be first packaged in a polyester bag then packaged in another 
complex aluminum bag. The external package is a carton box with water-proof 
coating. 

6.2 The label on the polyester bag should follow the guideline in GB7718. 

6.3 A Certificate of Quality Assurance must be accompanied with the package. 
The Certificate should contain the following information: production factory, 
product name, address, batch number, net weight, production date, product 
specification ID number. 

6.4 The external package must contain a robust label containing the following 
information: production factory, product name, address, batch number, net 
weight, production date, expiration date. 
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6.5 During the shipping process, the product should be kept from moisture, rain 
over-pressure, sun light, heat, and contamination of toxic materials. 

6.6 The product should be stored in a cool and dry shady area. It should be 
segregated from toxic, stink, or chemical materials. 

6.7 The expiration date is two years from the production date. 

Note: The SOP was drafted and published by Guilin Siter New Technology 
Company, Natural Botanical Product Factory. 

SOP Originator: Lee Jin 
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Question #14: “What is the sweetness of siamenoside triterpene and how much of occurs in the 
extract” 

Answer: 

A paper published by several researchers at Institute of Medicinal Plant Development, Chinese 
Academy of Medical Sciences reviewed studies on chemical principles and uses of natural non- 
sugar sweeteners from Lo-Han-Ku0 (Research and Development of Natural Products, 1992( 1)72, 
Attachment 13). According to the paper, the sweetness of 0.01% siamenoside I solution is 563 
folds of 5% sucrose solution, and the yield of siamenoside I is 0.047%. The yield is presumably 
based on the dry weight of Lo-Han-Ku0 fruit but it was not defined in the paper. There are no 
information in this paper regarding the amount of siamenoside I in Lo-Han-Ku0 extract to answer 
the second part of Question #14. However, Package A stated that the yield of Lo-Han-Ku0 
extract is 1% of dried Lo-Han-Ku0 fruits. Therefore, the content of siamenoside I in Lo-Han- 
Kuo extract should be around 4.7%. Since the sweetness of siamenoside I is -280,000 (i.e. 500 x 
563) folds of pure sucrose, the sweetness of Lo-Han-Ku0 extract should be at least 13,000 (i.e. 
280,000 x 4.7%) folds of sucrose, which is dramatically inconsistent with the measured 
sweetness of Lo-Han-Ku0 extract’ around 200 folds of sucrose. The above inconsistency 
suggests that these data are questionable. 

The sweetness of siamenoside I was also mentioned in Package A but the concentration of 
siamenoside for sweetness measurement was translated incorrectly by the previous translator. 
The siamenoside solution was diluted for 10,000 folds instead of l,OOO,OOO folds when its 
sweetness was compared with 5% sucrose solution. An English scientific paper was cited as the 
original source of the sweetness information (c.f. R. Kasai et al, 1989; Agric. Biol. ‘Chem., 
53(12):3347). However, upon reviewing the cited paper, no information about the sweetness of 
siamenoside was found. 

It is interesting to note that three other glucosides from Lo-Han-Ku0 are also extremely sweet, 
according to Attachment 13. The table from Attachment 13 containing related sweetness 
information was enclosed. Again, these data are questionable since the sweetness of Lo-Han-Ku0 
extract calculated from these data is much too high. 

Here is the table with the sweetness and yield data in Attachment 13: 
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sinmenoside I (1) 

II-oxo- 

mogroside V (4) 

mogroside I E (5) 
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REPORTS ON THE TOXICOLOGY TESTS OF L’UOHANGIJO 

EXTRACTS (GLYCOSIDES) FUR EXI’WRT TO NORTH 

AMERICA 

P. ii. China 

Coordinators : Nanfiai Goldstar Ind .uutraiI CO. LTD. * 



tht Experiment Animal House of Cuilin Medical Cuiiege, with room 

remperaturc or ’ ,~i::,-e c .relarive humidity bf 30--GO!% and 12 hour dark-light 

cycle. The animals were fed with evoked rice as main ioad. three times a day 
/ 

slapplemerl\ with cot.kl pork meat or,/snd fish and vegetabies. Distilled water 

was provider! as drizlking weter. Cfor wntir iiriaIysis results l SW Supplement 

Ihcumen t 2 ) 

2. Luohanguo Extract Dose and Admii-ristration 

Before starting experiment, days housed under the condition described 

above were a!lowed to acclimate the envircjmenc for four days. After 12 hour 

fasting? dogs of experiment group were /qiven Luohanguo exrract 3,,Og/kg 

I ~W’T>, (in .sml,‘&g) , twice daily at 8 : GO-8 : 39 and 17 : 0(=--17 : 30 by 

gavagc <: rube feeding > for conuecgtive i!Q days: control group were given 

distiI!ed warer by the same method + durilng rhe I . “0 davs of ?Ihe Luohanguo L 
extraoy 1 c iceding period, al1 animals were hbserved for their t’ood and water 

intake. urine and smoi excrerion , and general behavior changes <if any). Each 

dog was weighed once a week and body weight 7Ma.a rccorcled. meanwhile 9 

blood sample was drawn and urine sample was collected for laboratory 

snalysis, ,\t the 91th day (tbc second d?y ai discontinue of Luohanguo extract 

feeding 1 all ckqs ir, both groups were killed and organs were disected for 



All results arc shown in the tables 1 ro 6. 

:i . Discussions and C0Ilc!USiOns I 

There was no evidence showing effe+t of I~ohangpo estract. ,?. Og/kg 

daily Cequivarent to 360 foids of the dose fdr a human adult) :‘or 90 consecutive 

days on eke snimals body weights. food consumption rind+ urint! rind feces 

secretions. As seen from the ‘Tables A to (3, srariscical analysis &o shows no 
I 

effects on blood biochemistries. urine chemical and functions of liver. kidney 

3s well 3s on the histology oi organs e.xamined, 

InvesCgarors: Zhunian Tang, Qin Xu I Yuxian Wei, Xc?0 jian Su _ 

P. I: Co jian Su 
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THE SEARCH FOR NONCARIOGENIC SWEETENING 
AGENTS FROM PLANTS 

$1 
A. Douglas Kinyhcm 

AESTRACT 

Higher plant; are h-mm to biosynthesix many structurally diverse secondary 
eetabolites that are intensely sweet. Several pIant-derived carpounds already have found 
coeaercial application as noncarioyenic and noncaloric sucrose substitutes for sreeteniny 
foods, beverages. and redicines. Therefore, plant! with highly sweet constituents are 
worthy of consideration as high-yielding crop plants for the production of sweet 
constituent ger s& can be cultivated to produce caapounds that can be cherically 
rodified to yewate sweet substances. In this paper, four types of naturally occuring 
intense sueetews will be considered that are in different stages of current 
.development, na~afy, hernandulcin, a newly discovered sweet sesquiterpene; two classes of 
triterpene glycogides, periandrins I-IV and royroside 0, whose structures were reported’ 
relatively receztly; and stevioside, the rajor sweet diterpene glycoside constituent of 
the Paraguayan Mb, Stevia rebaudiana, which is presently used as an approved sweetener 
in Japan. In the :ase6re latter substance, it has recently been found that steviol, 
the enzyeatical!! prcduced aylycone of stevioside, is rutagenic in a metabolically active 
fore, when test& in a forward rutation assay using Salronella tvohiruriur strain TlW7. 
Progress rade ir the identification of eutagenic steviol synthetic analogs and & v& 
retabolites wil! :a reviewed. Finnally, speculation will be rade on the future directions 
of research on n;:xally occuriny sweetening agents. 

-------------------------------~ ---11- 

$1 Proyraa for k11 aborative Research in the Pharraceutical Sciences, College of Pharucy 
University of Illinois at Chicayo, Chicago, IL 60612 

Vol. XIII No. 4 Deserber 1988 - 175 



INTRODUCTION 

Sucrose, the rest abundant free sugar in plants., is increas~+g in consu4ption on a 
world-wide basis both as a nutritional agent and as a swes:er,ep I1,21. It. Has been 
estimated that about 80% of the annual increase in the use of sucrose is occuring in 
deve!oping countries 12). Sucrose, the nest widely used s~eetaoet. has several properties 
in addition to its taste attributes that make it useful as a iaod additive, such as 
providing bulk, acting as a preservative, and producing color ;trrd flavor when therrally 
degraded or cararelired (2). 

Rather large amounts of sucrose, however, are used to we+% foods, which normally 
contain concentration levels equivalent to between 5 and 122 r/v. As a consequence of the 
Gdespread use of sucrose in foods, beverages, and tedicims, ir is now recognized that 
this substance is the priaary cause of dental caries in the western diet (3). 
Furtherrore, an a!araing. increase in dental caries is :io~ qparent in developing 
countries, which has been attributed to a greatly increase mnsurption of sucrose and 
other refined sugars in soft drinks, foods, and confections (4). 

Since it has been found that restricting the dietary intake .fi sucrose can limit the 
number of cariogenic colonies of Streptococcus rutans, the tain pathogen in caries for 
ran (51, a nurber of noncariogenic sweetening agnets have beeo introduced as sucrose 
substitutzs. The denand for these substances is great because several alternative 
sweeteners are also regarded as being noncaloric. However, tbre criteria that rust be 
satisfied prior to the introduction of a neu sueeteniog ageot into the market are 
exacting, and include, in addition to sweetness, the heed for szzh a substance to have a 
pleasant taste siailar to that of sucrose, and to produce no tox& or cariogenic effects, 
either in the unretabolited or retabolired fore (6). A sweet suzostance should also .be 
odorless and colorless, and exhibit water-solubilityand c,hmicti and thermal stability, 
and should be easy to synthesize or to obtain after cultivatiw, = well as being capable 
of fitting into existing techniques for the application of eteners (61. A final 
prerequisite is that a sweet corpound should be ecanoricaIiv cmpetitive with existing 
sweeteners (6). No one sweetener conforrs with all of these divme criteria, and, for 
exarple, a nurber of concerns have arisen relative to the safz:y of the three rest 
extensively used low-calorie sweeteners. Thus, saccharin, rhi:h is used in the United 
States and in more than 80 other countries throughout the MD-!" ,,", hias been deronstrated as 
a bladder carcinogen for ferale Swiss rice (71 and rale Sprague Dacrley rats (8), and may 
also be an urinary bladder turor proroter (9). bspartare, which is now approved in the 
U.S. and in 50 other countries, is contra-indicated for awsons suffering fror 
phenylketonuria, and reservations have been expressed that $2gh plasra levels of 
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aspartate, occuring as a result of the ingestion of this sneetener, ray lead to 
undersirable effects on kmendocrine regulating systers, and to aental retardation and 
brain daeage (10). In addition, clinical case study data hav- a been described that suggest 
that the consuaption of very high levels of aspartame cay be related to thE incidence of 
seizures (11). Finally, cyclamate, iihich is available as a sweetener in about 40 
ccuntries I although not currently in the kited States, has been found t0 setabo!iie to 
qclohexylar4ine, which is known to cause testicular atrophy in rats (12). !n addition, 
cyclaeate has been associated with the deveiGptent of bladder turors in rats fed a lo:! 
mixture aith saccharin 1121, and there is soae evidence that cyclaeate say act a5 a 
bladder turor promoter in vivo (13). 

The search for noncariogenic sweetening agents fro: plants has been greatly ctiwiated 
by perceived probless and linitaticns of use of existing sucrose substitutes. The types 
of sweet cospounds produced by plants can be broadly c!assified into the sugar [bulk, 
nutritive! and non-sugar (hihg-intensity, low-caloric) types. #bile the first category 
has been known since prehistoric tiaes, representatives of the latter group, which are 
of ten hundreds or even thousands of tines sweeter than sucrose, have only becore known 
relatively recently. It is the latter group of cotpounds that will be focussed on in this 
chapter, and such conpounds, if they are not carbohydrates and are used in low 
concentrations can be regarded as being noncariogenic (14). A classification of the 
various struct:ral types of natural intensely sweet cotpounds is provided in Table 1. 

It rpay be pointed out that a nunber of sweet plant-derived cospounds are already used 
cowercially as sweetening, flavoring, or taste-sodifying agents, and these coaprise 
glycyrrhi:in (fro6 Hvcvrrhiza glabra 8.; tegurinosael, thauratin [from Thauaatococcus 
daniellii (Bennett] Benth.; llarantaceae]; steviaside [fror Stevia rebaudiana (Dertoni) 
Bertoni; Coepositael, and phylladulcin [from Hvdranqea eacrophvlla (Thunb.) Seringer var. 
thunberuii (Siebold) Dakino] (15-20). In addition, cherically modified derivatives of 
plant constitutents also ray have use in this regard as additives for foods, beverages, 
redicines, and tobacco, such as perillartine the [ d -syn-oxire of perilladehyde, a 
corpound obtained fror the essential ail of Perilla frutescens (1.) Brittonl, 
neahesperidin dihydrachalcone (obtained from neohesperidin in the peels of the Seville 
orange, Citrus aurantiur L. I, and arraniated glycyrhiiin (the fully arraniated salt of 
glycyrrihLic acid obtained fror licorice, 6. alabra) (15-18, 20-21). Under the right 
circurstances, therefore, plants that yield-i&x sweet extracts/or corpounds can be 
considered for commercial cultivations as crap plants. 

The rerainder of this paper will be devoted rainly to reviewing progress made on four 
categories of intensely sweet plant constituents, that have been studied in the 
llbaratories of the College of Pharracy, University of Illinois at Chicago. These 
carpounds are all terpenoids, but are in different stages of current developrent. The 
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first colrpaund ta be reviewed will be hernandulcin! an intenseiy sxeet sesquiterpene 
alcohol that #as recentiy discovered at this iostitutlcn (22). TMG type5 of triterGene 
giycG5ides rtiil then be discussed that, after their initial isolation and 
characte.rization in Japanese laboratories a feu years ago, have only received preliainary 
waiuation as t:l their suitability for use as sweetening agents, namely, periandrins i-I!: 
(23-25) :nC aogroside i! (?6-2S), Finnaly, attention Kill be turned to stevioside! 2 
diterpeqe glyzoside eentioned previously that was first discovered soae eighty years agG 
(??I, but jrhG52 structure was not deterained until about sxty years later (30,3ij. 
Extracts of its plant of origin, Stevia rebaudiana, and stevicside itself are currentlv 
not apprcved as sucrose substitutes in the kited States! but are used in Japan to 
weeten Japne;e-sty!? pickles, dried seaf Gods! fish seat products, soy sauce cantainiiq 
prodxts, confectioeery products, soft drinks, and chewing gti~ IlE,!?). jLL rebaudiar,a 
sctracts are avai!able far sale in Paraguay to sweten rate and are prescribed ty 
physiciaw far the treatsent of hyperglyceoia (32!. However, despite this reasonably Wide 
use of stevioside and g, rebaudiana products by huBan pagulations nithout apparent 
harriu! ef!ects, we have found that the stevioside aglycone, steviol, is wtagenic under 
certain conditions that will be described in this review. 

DISCOVERY OF THE SWEET SESQUITERPENE, HERNANDULCIN 

Hernandulcin was discovered at this institution during the course of the graduate 
studies of Dr. Cesar Il. Corpadre. Dr. Corprade, a native of Mexico, was familiar with 
texts describing the use of redicinal plants by the Aztecs, and in one such book! 
entitled Natural Historv of New Spain, written between 1570 and 1576, and published in 
Latin in 1651, the Spanish physician, Francisco Hernande- &I referred to a rerarkably sweet 
plant under the Nahuati nase Tzanuelic xihuitl (22,34). The work of Hernande; has been 
translated several tines into Spanish, and in the latest Spanish edition f35), the plant 
is listed under the naea Tiopeiicxihuitl. In the Nahuatl language, the ROM xihuitl or 
xiuitl leans herb, and the adjective trauelic reans sweet, and therefore the nare of the 
plant can be translated literally as reaning 'sweet herb' 135). A translation of part a? 
the description in Spanish given by Hernandez (35) for this sweet plant is as follows 
(36): 
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'The leaves of this herb are sweet to such a degree that honey, sugar and iI1 the 
other substances wd +- LU skeeten appear tc be inferior-! as if, in this plant, 

nature ner2 tryiaq to d&mine how ~tich sgeetness it cwId inoart to natura! 

things'. 

Khile iandu’+;?- .LA,L( field wcrk in Mexico in 1981 and ICE, it was discovered by aeobers 
OS OW gff2p that the sass piant described arid illustrated by Henandez #as sti!i 
available fcir sale in earketplaces under the na;e, hierba duice. This plant is apparently -- 
nut wd for Swt28i:ig fm?S, Severapes or cedicines! Silt is now etplayed for the 
treataer:t of ccqhs and fcir a reputed abortifacient activity (361. Hierba dulce, and by 
inference, Tzonoelic xihuiti, were identified as Liwia dulcis Trev. (Verbenamae), and 
an intensely sweet bisabolane sesquiterpene, which was nar;ed hernandulcin in honor of 
Hernandez, #as isolated from the I’eaves a:rd flcwrs c;f the plant after solvent partition 
and chraeatagraphic fractionation. The structure of hernandolcin (Fig. I,11 #as 
established as 6-il,5-diaethyI-l-hydraxyhex-4-enyl)-3-eethylcyclahex-2-e~ane as a result 
of the application of spectroscope techniques inclusive of high-resolution ma55 
spectroretFj and two-dieensional #RR, and was confireed by its sycthesis, which involved 
a directed aldol condensation 12?). 

Synthetic I+)-hernandulcin did not induce bacterial mutation when exarined in a 
forward rutatian assay utili:ing Salroneila tvohirurius strain TtIb77, and was nontoxic 
for #ale Swiss-Xebstet eice at singIe doses up to 2 g/kg body weight, when adoinistered 
by oral intubation. I? hucan taste panel rated the naturally 0.25 I! sucrose solution on a 
rolar basis, although it was perceived to be sorewhat less pleasant than sucf~se, and to 
exhibit soee bitterness and aftertaste (221. 

At this stage, it dces not seee that it will be feasible to produce hernandulcin fror 
cultivated LA dulcis plants, since the CoRpDUnd occurs in very law yield LO.0042 I/WI in 
the dried herb (36). It is unlikely also that partially purified L. dulcis extracts could -- 
be used for sweetening purposes, because such extracts wauld be expected to be 
contarinated with CalphDr: a CDBpOUnd which co-purified with hernandulcin. Carphor, which 
iS regarded as a very tDXi; CDfipDUnd, was found to constitute as ruch as 531 w/w of the 
Sweet VOlatiIe Oil of L dulcis after analysis by gas chrooatography/rass spectroretry 
(361. The ,syrptoes of caiphGf poisoning are rest common in seal1 children, and include 
nausea; writing, CNS depression, and coca (371. Canphor crosses the placenta, and has 
been as$ociated with neonatal death (38-4O), and therefore, it is possibIe that its hioh 
concentration in 1. dufcis herb is the basis for the belief in flexico that this plant h&. -- 
an abortifacient action (361. 
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Future evaluation Of hernandulcin wili thus be lcre easily be perfaraed an the 
synthetic racekc fore rather than an the naturally accuring It)-2nantiaPer. Hernanduicin 
still requires detailEd iabaratorf study to determine its suitability for application as 
a sw22tEning agent, especially in regard to its stabiiity, salubiiity, saf?ty, 2nd 
xkntial utilit::. The discovery of hernanduicin undescms the va!ue Of plant 

+- iansi:t:cfri L, as intense!y 5822: 0al2tul2s, and this c;;paitnd is the pratatyp2 of a n2w 
:iaSs of iiitEtlSE saeeteners, that ail1 no doubt be sod;fied synthetically in the atterpt 
Lm ~~odiic2 a ca&gaund ar caecauods with irpraved sreetness parareters, _Y It is interesinq 
i -, _ !_ r,cx :53t :#a postulated binding sites aiih ',he s:ieetness r2ceptor in h$rnandu!cin, 
'iaz!y, the C-l carbanyl and the C-l' hydroxy graug, are located about 2.4 A apart, and 
;re in the preferred confaraation to closely fit the Shallenberger model (4!) far sweet- 
tajting caapaunds (22). 

fiSSESSMENT OF PERIfiNDRINS I-IV &ND MOGHII)SIDE V 
AS SWEETENERS 

1. Pe:izndrins I-IV 

In 1741, the sweet taste of the roots of Periandra dulcis hrt. (iegurinosae) 
(brazilian licorice) was attributed to the presence of O.38!, W/Wycyrrhizin (421. Itore 
recent studies by HashiBota and colleagues 123-25, 431, hDwFVf?r, have shown that the 
sweet principles of this plant are four Dleanane-type triterpene glycosides, narely, 
periandrins I, II, III and IV (Fig. 1, 2,3,4,5, respectively). The strpcture Df 
periandrins I was confireed by X-ray crystallography (251. These corpounds were isolated 
in pure form in rather low yield, and 700 eg, 170 eq, 23 rg, and 9 q of periandrins I- 
IV, respectively, were obtained fror 30 kg of P. dulcis dried roots 1431. -- 

Ue have found that these four coopounds were not eutagenic in a forward rutatim 
assay utilizing SaIrDnelIa tvphiruriur strain Tfl677, either in the presence or absence of 
a rutagenic activator (44). In addition, one of the mepwnds, periandrin 11, exhibited 
no toxicity far rice at up to 2 q/kg bady.weight, in an acute toxicity expefirent (44). 
Periandrins I-IV have each been found to exhibit approrirately 90 tiees the sweetness 
intensity of sucrose, as shown in Table 1. These PL dulcis cDnstituents are claired to 
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have a considerably less bitter taste than qlycyrrhizinl and to have a rore rapid onset 
of sweetness (43). He have found periandrins I and II to be Extrerely stabie when stored 

in solution at pH 2 through 12 for over two sonths at both roe: teeperature and 60" C. !n 
addition, no eeasurable breakdown of these corpoul;ds was observed when heated in the dry 
state at 100°C for 24 hours (44). 

#bile the periandrins are interesting in serving as yet another structural class of 
plant-derived sweetening agents, the cocparative difficulty involved in their isolation 
and the low individual yields of these conpounds wil! probably serve to prohibit their 
widespread use as sucrose substitutes. fn additioo, aqueaus or alcoholic P. dulcis root 
extracts would not be useful as sweeteners or sweetener aids, beacuse they contain 
uncharacterired bitter cocponents in addition to the sweet periandrins I-IV (431. 

2. Rogroside V 

Thladiantha arosvenorii (Swinglel C. Jeffrey (fmeriy tiorordica orosvencri Swingle 
(Curcurbitaceae) is a vine which is cultivated by the Riaa-tze people of Kwangsi Province 
in the People's Republic of China [45,46). This is an intensely sweet-tasting fruit by 
the name of to Han Kuo, which has been sold in south China as a remedy for coIdsY sore 
throats, and minor storach and intestinal troubIes (451. Acccrding to Swingle, about 
1.000 tons of the green fruits of Lo Han Kuo were delivered to drying sheds at Kweilin, 
to be shipped to Canton far daaestic cansurption in Chine and for export to the United 
States 145). One proprietary product we purchased in the United States ‘La-Han-Km 
Infusion’ ILo Han Kua Products llanufactory, Kwangsi, People’s Republic of China) is 
recortended far use as an antipyretic, and for enriching the lungs, cough relief, and 
dissipating sputur. It is famlated with 951 Lo Han Kua (Fructus lloeordicae) and 5X cane 
sugar fpresurably added to assist in the fareulation, rather than for sweetening), and is 
suggeted to be taken by dissolving me piece of tableted infusion [about 10 g) by 
dissolution into 100 ml of bailing Mater, two or three tires a day. 

It was established by Lee that a #ajar sweet constituent of Lo Ran Kua fruits is a 
triterpene glycoside (47). Taken&a and co-workers have described the isolation of three 
intensely sweet constituents of Tz prosvenarii fruits, ragrosides IV-VI, and the 
structure determination of the most abundant of these, eagraside V [Fig. I, 6) has been 
published (26-281. These cqauads are qlycosides based on the aglycone, ro9rcI (10 - 
cucurbit-5-en-3 3 11 3 24 (R), 25-tetraal. In our laboratory, we have found that the 
concentrations of rograside V in an authenticated T, grasvenorii fruit sarple were as 
fD1 IOYS : peel, 1.26Z (as deterained by high-performance liquid cbrwatagraphy) 148). 
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ifi Other KG!: pe:foroed in our laboratory on ;o;lroside V, it ha< been est-bIGshed _ D *A #I 
that this COPpO!xid is nm mutagenic and produces ;io eortality in acute toxi:ity 
exper;renfs on BlC2 at doses up to 2 p/kg bcdy #eight! and it exhibit5 an equivalent 
%3iX S#C?tnESS t0 stevioside #hen tested againts a s tmdard sucrose scfution by a huean 
i. -+,- ;-3&c pinei (4s). 4t i a concentrakion of 20 q/:98 zij sogrcside ?! myoside ?I! and 
stevicside werf rated at 255, 125, and 233 tiaes sieete: ;han sucrose by a hugan taste 
p&i in Take&a's Iaboratory ($31. Hagevef, gee (47) has reported that the in tense 
swtness of aL wosvenorii constituent, wimh was aost 'likely mprasioe V! was 
acroapanied by a lingering, !icorice-like aftertaste. 

It say therefox be concluded that Pcgroside !‘, in being intensely s#eet! 
~G+'MS~aQ2aii and nontoxic In prelirinary tests! 
high co~centratians, 

and accurinp ih the plant in reiatively 
Goes hold prorise as a potential sucrose substitute. In addition! cre 

have detemined at our institution that the coopound is stable in solution at all pH 
Ieve!s, xd is hiahFt, -+li; *ater-solub!e (441. Hoaever, ewe detailed analyses of its hedonic 
:ast? c!%sacteristi:s and its phamacologicai activities are clearly necessary. I n 
addition! extracts of L orosvenorii fruits right be able to be used for 

since they have history of consueption‘by huoan populations without 
sweetening 

Pfj,*P~S~S ( apparent 
hara:ul effec": L-< and ;ic toxic or bitter constituents of the fruits have been reported. T. 
grosvencrii would 5226 to be an atractive species for introduction into other countries 
!ros its na‘ilve China for further investigation of its highly sweet properties. 

FURTHE STUD IES ON STEVIOSIDE AND ITS AGLYCONE STEVIOL 

1. Overview of the Use of Stevioside and Extracts of Stevia rebaudiana as Sweetening 
Igents. 

The rest widespread usage of stevioside and purified Stevia rebaudiana extracts is 
currently taking place in Japan. Nat only is S, rebaudianagrown in Japan itself, but 
substantial arounts are cultivated in South Korea and Paraguay far the Japanese rarket 
(191. The cultivation of the plant has also been reported to occur in Taiwan, the 
People’s Republic of China, Indonesia, Thailand, Laos, and Brazil 119, 49, 501. Recent 
estirates of the total atiount of stevioside consured per annum in Japan range fror about 
700 to 1,000 metric tons, with about two thirds of this anount being produced in Japan 
(191. Ilccording to Akashi (511, steviaside is appropriate for use as a sweetening agent 
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in 2;: fG&, :i;<r it is highly stable in heat and acids; its sweetness characteristic; 
are similar tc thcec cf sucrose; it is rild and free of aftertaste; it cafi bexonsidered 
a noncaloric subs:;-ce; it is nonfermtive; and it does not becoRe yEl!owi;h when 
heated. It has &SC teen shorn that SteviGside rarkedly suppresses the grO#th of certain 
orqahisss that :acz dental. caries, namely, Streutococcus rutans, tactotiaci~lus 
plantame, and t. casei (52). As indicated earlier in this chapter, stevioside is used in 
a wide variety ci food iters in Japan, but it does not norrally see* to be used at 
concentration ievels greater than 0.11 w/w or w/v (191. Stevioside is suitable for use as 
sweetening agent in s-zft drinks, because, unlike glycyfrhi:in,,it does not precipitate in 
acid cinditions at around pH 3 (19). 

Following the successful structure deterrination of stevioside (Fiq. II, 71 at the 
National Institute of Arthritis and Metabolic Diseases, National Institutes of Health, 
Bethesda, !!aryland, Ll.S.A. 130, 311, .a further seven sweet ent-kaurene glytosides were 
isolated fror S, rebaudiana leaves by Japanese gfaups in the 1970’5, namely, 
steviobioside (Fig. X,8), rebaudioside A (Fig. 11,91, rebaudioside B (Fig. 11,101, 
rebaudioside C Fig. IS, I!), rebaudioside D (Fig. 11,121, tebaudioside E (Fig. III 13) 
and dulcoside a 
concentrations in S?* 

II, 14) (53-561. These curpounds occur in remarkably high 

Republic of China!: 
rebaudiana leaves, and in a dried sarple obtained fro@ tbe People’s 

e have recently shown that the yields of stevioside, rebaudioside A, 
rebaudioside Ct and Gulcoside A were, respectively, Lb, 3.7, 2.1, aud 0.533f w/w (50:. 
Such conpounds, which are ent-tautene glycosides, are apparently very rare in the genus 
Stevia, despite occuring in such abundance in S.rebaudiana. When 110 Stevia leaf 
herbariur specirens ere exarined phytocherically, stevioside was detected in only two 
species, S, rebaudiam, collected in Paraguay in 1919, and & ghlebouhvlla A. 6ray, 
collected in Mexico 9 in 1889. Rebaudiosides 1 and C Here also identified in the stared S. 
rebaudiana sarpie, I’d both specirens we still perceptibly sweet wheu we exarined thes 
WI. 

Stevioside, rhec tasted in aIeost pure fore, is characterized by a prolunged 
aftertaste and exhitits considerable bitterness and astringency (58). This coapmd has 
been rated about 300 tires sueeter than a 0.42 w/w sucrose solution, and M-fold sweeter 
than 102 u/w su:rose ;591. According to Tanaka (591, rebaudioside 8, with a branched 
sugar chain unit affixed to C-13, is some 3DZ sweeter than stevioside. The replacement of 
a sucrose unit of rebaudioside A eith a rharnose substituent, as in rebaudioside 8, 
produces a considerably less sweet and less pleasant-tasting rdecule 155,591. 
Considerable effort has been expended producing serisynthetic anaiogues of stevioside 
that are not bifte: . 
endeayor. 

and DuBois and Stephenson (60) have reported sow success in this 
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There is extensive literature on L rebaudiana extracts and stevioside as sueetening 
agents, nuch of which has eranated free da;ao. Over LO@ Japanese patented procedures have 
covered aspects of the extraction, purification! and taste iaproverent of this sweet 
giycoside (lb,18-231. 

2. Safety Studies on Stevioside and Steviol 

While Stevia rebaudiana extracts and ?UrifiEd stevioside are used as high-intensity 
sweeteners in Japan and in certain other countries, firr evidence Gf their safety fGr 
human consumption will have to be presented to the fOGd and Drug AdsinistratioG before 
their authorization for use in the United States for this purpose. However, these does 
exist a body of literature concerning the toxicity of stevicside and S, rebaudiana 
extracts, that wilI be briefly reviered in the fcllo#iGg paragraphs, 

Crude and refined S, rebaudiana extracts, as well as crystallized stevioside, have 
been tested for acute and subacute toxicity in @ice or rats by several groups, and 
lethalities were recorded cn!y at very hiqh doses (l?, 61, 621, Thus, it Has fGuhd that 
aqueous extracts of S, rebaudiana leaves, containing up to 7.6X w/w of stevioside, when 
eixed with laboratory chow and fed to rale and feeale rats for up to 3 tenths, produced 
nc reearkabie toxic effects (61). Io‘another study conducted with water extracts of the 
plant GGGtaiGing the equivalent of 0.25 q and 0.5 g stevioside that Here incwporated 
into the diet of rats for 56 days, there appeared no abnorsalities relative to mftols, 
other than a significant decrease in serum LDH levels (62). The feeding of L rebaudiana 
extracts ccntaining know amounts of stevioside to female rats led to the observation of 
no skeietal of other teratogenic effects (63). 

A nurrber of pubiirations have reportec the activity of S, rebaudiana extracts and 
stevioside in Gther physiological systecs. While it has been claimed there is an 
expefirental basis for the use of the leaves and stems of the plant lin the fGn of a 
teal as a contraceptive aqent by the hatto 6rasso Indians in Paraguay (b4), workers in 
several other laboratories have been to ShGW no effect5 on rating peffornamce or 
fertility in lavofatory animals (19, 61,6:). Also, no unequivocal evidence has been 
presented as to the possible blcod-pressure lowering effect in hurans after drinking teas 
containing S, rebaudiana (18). In additicn, there is sore divergence of GpinioG as to 
whether the practice of treating hyperglyceria with S.rebaudiana extracts has any 
scientific rationale. For exaeple, investigations by Akashi and Yokoyaoa (611 and Lee et 
al. (621 reported no dose-related effects on blood glucose levels when S, rehaudiana 
extracts were fed to rats for several weeks. however, Suzuki et al. (65) deronstrated a 
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reduction in liver glycagen and in blaad giucase levels in rats fed a high carbohydrate 
diet containing ll?Z dried s?_ rebaudiana leaves. A significant decrease of hyperglyceria 
has recently been observed by a group froo In ‘stitut Teknologi Pandung, when a spray-dried 
S, rebaudiana extract was fed to resoansible far such effects, so that this observation 
could be taken into accaunt id the overall evaluation of this substance as a sweetening 
agent. 

S teviaside and extracts of f- rebaudiana have been extensively tested for 
autagenicity, and were inactive in this regard when tested in several laboratories 
againts strains of Salraneila typhimurium, Escherichia coli and Bacillus subtilis, both 
in the presence and absence of liver-enzyme tetabalicactivating systers 11?,61,671. 
Stevioside was also considered inactive as a rutagen when tested againts the huller-5 
strain of Drosaphila oelanoqaster (681. We have found that stevioside was inactive in 
aforward autation assay utili:ing Salmella tvohieuriur strain Tfl677, both in the 
absence and presence of a retabalic activating system derived fror a 9,000 x g 
supernatant fraction frao the liver of Arocl;r 1?54-pretreated rats, as were the other S. 
rebaudiana sweet constituent tested, stevioibioside, rebaudiosides A-E, and dulcoside a 
133, 44). Hanever, rtevial (Fig. II!S15) whether produced fror, stevioside enxyratically 
by incubation with pectinase or cheticaliy by treatment with sodiur periodate and 
potassiua hydroxide, *as highly sutagenic io this system (531. The rutagenicity of 
stevioi lent-13-hydrxykaur-B-en-19-oic acid! was dependent upon the presence of a 
metabolic activator and on the additian of MPH, thereby strongly suggesting that the 
retabo!ic activatian of steviol to a outageoic coepaund or coepounds is mediated by 
zytachraae P-450 (33). 

in order to investigate the structural requirerents for this observed mutagenic effect 
of steviol, a number of its derivatives we tested in the sale bioassay syster. 
fsosteviol (Fig. III, lb1 a corpound produced fror stevioside by treatrent with rineral 
acids (191 that can also be obtained frar stevial by a Neerwein rearrangerent (311, was 
found to exhibit no rutagenic activity, eittwr in the presence or absence of a retabalic 
activator (341. Similar negative results acre obtained fur the isoeeric cmpounds, 
dihydrostevial A (Fig. III, 17) and dihydaDsteviD1 B [Fig. III, la), which were produced 
fror steviol by catalytic hydrogenation, and for ent-kaurenoic acid (Fig. III, 191, a 
corpound in which the C-13 hydroxy group of steviol is absent (34). In a later study, 19- 
Q- D- glucopyranosylstevial (Fig. III, 201! oroved to be mutagenic toward S,trDhiruriur 
strain lM77 in the presence of the retabolic activating systen, although it had a 
somewhat reduced level of activity when corpared with steviol. This roncglucoside of 
steviol oay be regarded as a potential in vivo eetabolite of stevioside, and its observed -- 
mutagenicity incates the apparent non-involvement of the C-19 carbaxylic acid group of 
steviol in mediating its rutagenic response 169). from the evidence obtained tD date, it 
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ray be inferred that 'the piesence of the C-16, C-17 exorethylene group and the C-15 
tertiary hydroxy grcup are necessary for the exhibition of rutageniciry of stevioi in the 
bioassay cpstea we have used (34). Jhe partially purified enryre, epoxide hydrolase, did 
not inhibit steviol-induced mtagenicity when incorporated into the assay oixture: 
suggesting that the a:tive steviol oetabolite [or aetabolitesl is nat an epoxide (691. 

Ye have performed sooe ir,,vitro enzymatic oetabolisn studies on stveiol, in order to 
learil :ore about the structural.aspects of-its nutagenic .oetabolite or oetabolites. 
ftevial was incarpo:ated with NADPH and the 9,000 x u supernataut fraction fro8 Aroclor- 
1254 pretreated rats, and the resultant eetabofitesuere analyzed. by capillary gas 
chrooatagrapkyleass spectroeetry. Under these conditions, stevicl reeained oainly 
unmetabolized, and the rajor pathway of eetaboliss proved to be oxidation allylic to the 
exoeethylene group at C-15 1701. t!hile nane of the in vitro -- enzymatic eetabolites of 
steviol identified so far have prapen to be mutagenic, ls-oxostevio] (fig, 111,211, a 
compound not yet detected in vitro retabolisr studies, -- but .which could feasibility be 
produced fr;c steviol by allylic oxidation, was synthesized and found to demonstrate 
activity as a direct-acting rutagen in the bioassay system used (70). This co8poundl 
which did not require metabolic activation in order to elicit its mutagenic effect! cay 
turn out to be only one of skveial autagenic analog& of stevio1, and further studies to 
isolate aod identify additional in vitro retabolites are necessary. -- 

The generation of a rutagenic canpaund such as IS-oxasteviofk during the in viva -- 
xetabolisa cf stevioside, would obvibusly be detrimental to the further developrent .of 
this diterpene glyccside as a sweetening agent, However, little is known about the 
metabolisa of the S.rebaudiana sweet glycasides to date, Winoard and coi!eaques (711 
shared that borh stevioside and rebaudioside A are degraded to 5tevio1 when incubated for 
several days with rat cecal ricroflora in vitro. In addition, steviol is corpletely 
absorbed fro;: the loker’bowel of the rat after oral or intraiecal adeinktration (711. 
These observations, toupled with the results of our rutagenicity studies on 
suggest that,, i!. Gould bet prudegt to’ study in, sore' detail the toxicity b’f 

stev.io13 
stevioi,‘ which 

? 

?, 

has been know for sork tire-, to pkduce an inhibitory effect’on uxidative hhosphorylatipn‘. 
and to restrainthe’iitocho?dri~l- translo;ation’uf a&iue’&leatides’ (7211 Jher’efd&, .! ” 
while it ray be’ pointed out- that no adverse’riactidns h&e ken @orte.d ta. occur as ., a '. 
result. of thb’i$estian of.S;rebau~iana':extia;t~'anb.ste~ioside. by~,bu&'5&Iat~w in - 

d 

Japan in. ov&IiOSyear5 ‘of their, u5e -’ ,,.,there ii a';Iear-need. for the’ detkiribakonVod ..the" 
in vivo retabolisr, ‘the chrokc, toxiiity;’ dnd’&&t~~e&&t~ of these sweet-substances _ 

I 
-- .I 
(12). In ‘v/&I:pf the pie5ent,unceitaintyla5”tc& &ty~of 5teviuside: and. its sweet A 

I 

diterpene analags for human’consuption, furthe<"capital inye5t;ent for the cp!tivatiok’of 
S, rebaudiana kops would seer to be.inadvisable at’this tire. 
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FLITUSE RESEARCH DIRECTIONS 

it seems likely that there vi11 be a continue need for oer noncariogenic sod 
noncaloric sucrose substitutes in the future! and rany natural product intensely sweet 
substances, even with less that ideal properties, could find use in speciality rarkets 
(16). Plant-derived sweeteners that prove to be inappropriate for coreercial exuloitation 
directly, will serve to provide ioportant new Ieads for subsequent synthetic 
aodification. Since it ir still hot possible to desigo sileet corrpounds in the laboratory 
that are not structurally related tc existing sweeteners (731, newly 'discovered sweet 
nolecule5 from plant sources will add greatly to knowledge an the relationship between 
sweetness and cheeical structure (15). 

Plant-derived intensely sweet substances are not only of diverse roiecular structure, 
but are of apparent randoe distribution among the Angioeperas (201. Future success in the 
discovery and developeent of jUCh compounds wiI1 require a rultidisciplinary effort. In 
order to find additional uninves‘tigated weet plants, systeeatic searches of ‘botanical 
and ethnabotanical literature, as well as herbarium notations, should prove useful. Fieid 
studies, which focus on interviews with local popuiations as to the use of plants reputed 
to be sweet in their cotrunity, will assume increasing iipratance (20). Phytochericai 
studies directed toward the isolation of sweet compounds, will require prelirinary 
toxicological evaluation of extracts and fractions to be assessed for sweetness, in order 
that the toxic risk to huean participants can be einieized. However, it ray be possible 
to use experinental anirals at this stage, and thus dispense with the need to have huoan 
subjects taste plant fractions for sweetness. For exanple, electrophysiological 
stirulation of the !!onqalian gerbil’s gustatory receptors 1741, and conditioned taste 
aversion experieents on the saie species (75), right be appropriate when combined for 
ronitaring the s#eetoesj of chroratographic fractions obtained froa plant extracts. The 
structures deterlip .atios and structural, aodification of sweetisolates will continue to 
be facilitated by carputer-aided technology, Finally, once neti noncarioqenic and/or 
noncaloric intensely sweet :aapounds are deemed to have commercial value, it can be 
expected that biatectinalogy will play an important role in their production either by 
high-yieiding pI;ot cell culture aethod- 'P as has been reported far stevioside and 
rebaudicjide a I7S!! or if the compound i; prateinaceous, by recGmbinant DNA techniques 
(l&77). 
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Table I. 

Relative Siieetness to Sucrose of Various Plant-De:ived 
Intense Sweetening Agent; ia,b) 

Compound Class Compound Nake Approximate Swattoes (cl 
Relative to Sucrose 

hGnGterpenGid 
Sesqui terpenoid 
Diterpene Slycosides 

Tri terpene Elycosides 

Steroidal Saponin 
Dihydroisocounarin 
Dihydrochalccnes 

Proteins 

Pfrillartine 131 
Hernanduicin 
Stevioside 
Rebaudioside A 
Rebaudioside D 
Rebaudioside E 
Rubusoside 
Baiyunmide 
Glycyrrhizin 
Aeooniue glycyrrhizin (d) 
Periandrin I 
Periandrin II 
Periandrin III 
Periandrin IV 
Hogroside V 
Hogroside VI 
Usladin 
Phyllodulcin 
Xaringin dihydrochalcone Id1 
Nwhesperidin 

dihydrochalcone (d) 
lhamatin (Taiin R protein) 
Ilone lin 

2000 
3000 

(al Relative intensity data taken fror reference 15. 
Ibl It shouId be noted that not a11 of these quantitative data have been obtained 

using the sa#e sensory techniques, and that sweetness intensity ray vary with 
1 several factors including sweetener concentration. 

+. ICI Sucrose = 1.0 ; figures are expressed on a weight comparim basis. 
‘. Id) Derivate of natural product. 
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2 S~kA2-8-gicA CHO 

3 9-glcA2-8~lc.A CH2OH 

. 

Rl R2 

4 9 -&A 2- B -@CA CHO 

5 3 -glcA2- 6 +cA CN2OH 

Figure I. Structures of hernandulcin (11, periandrins I-IV (Z-5, respectively) 
and mogroside V (61, i6lcA = D-gkuronopyranosyl; glc = D - gluco- 
pyranosyl j . 

190 - kcta Pharraceutica Indonesia 



* . 

l 

10 

11 

12 

13 

14 

Rl 

a -glc 
H 

6 -glc 

H 

B -glc 

6 gid- 6 -glf 

6 ;91c?*- 3 glc 

s-t$c 

3 +c2- 3 -glc 

B -$c2- B -gic 

a +22- B -gic 

13 
B -a 

3 -,-i&3 -glc 
i3 
aa . 

3 -$+ 6 -glc 

3 -,-lc2a-ftla 

Figure II. Structures of the sweet Stevia rebaudiana glycosides stevioside (7) 
steviolbioside (81, rebaudiosides A-E (9-13, respectively), and dulcaside 
A (14). 161~ = D-glucopyranosyl ; rha = L-rharnopyranosyl) 
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1 

. 

\ 

17 (R = s4X$ 19 

18 (R = a-CH3) 

Figure 111. Structures of steviol (151, and its derivatives isosteviol (16) 

dihydrosteviol a 117) and B (181, ent-kaurmoic acid (19) 19-01 
~lucoPY~a~osYlstevi~~ PI), and 1%oxorteviol (?l), te&d for 
rutagenici ty. 
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glycoside and four known minor 
cucurbitane glycosides, siamenoside 1 (sweet), ll-oxo-mogroside V (sweet), and mogrosides IIE and IlIE (both tasteless) 
were isolated together with mogrosides IV and V (both sweet) previously isolated from this fruit by Arihara et al. 
Structure of the new tasteless glycoside called mogroside 111 was elucidated as 3-O-fl-D-glucopyranosyl-24-0-/J- 
gentiobiosyl-mogrol. The relative sweetness of siamenoside I to sucrose was estimated x 563, making this the sweetest 
compound among the cucurbitane-glycosides so far isolated. The structure-taste relationship of cucurbitane-glycosides 
is also described. 
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A fruit of Siruitia grosvenori SW~NGLE (Momordica 
grosvenori SWINGLE., @!t&!$, Cucurbitaceae) growing in 
Kwangshi, China is used as an expectorant as well as a 
natural sweet food in that country. Two major sweet 
cucurbitane-glycosides called mogrosides IV (1) and V (2) 
have been isolated by Takemoto, Arihara et ~11.‘~~) Very 
recently, in our serial studies on Chinese cucurbitaceous 
medicinal plants, two new minor sweet glycosides called 
siamenoside J (3) and I I-oxo-mogroside V (4)4) were 
isolated together with I and 2 from Sirairiu siamensis CRAIB 
( @+@@$q:) collected in South-Yunnan, China. The 
present paper reports the isolation and identification of 
minor cucurbitane glycosides from fruits of Sirailiu 
grosvenori. The structure-taste relationship of glycosides of 
this type is also described. 

The dried fruits were extracted with methanol. A 
suspension of methanol-extract in water was defatted with 
hexane and then chromatographed on a highly porous 
synthetic polymer, Diaion HP-20. The fractions eluted with 
50% and 80% methanol were respectively separated by 
repeated chromatography to give seven glycosides, A-G 
in yields of 0.025%, 0.008%, 0.029%, 0.044%, 0.034%, 
0.18% and 0.45%, respectively. 

Glycosides D, E, F and G were identified as 3, 1, 4 and 
2, respectively. Glycosides A and C were identified as 
mogrosides TIE (5) and IJIE (6), respectively, which were 
obtained from 2 by partial hydrolysis with maltase.3) This 
is the first example of the occurrence of 5 and 6 in nature. 

Comparison of the carbon- I3 nuclear magnetic resonance 
(13C-NMR) spectrum of a new glycoside B (7) called 
mogroside IJJ with that of mogrol (8), thecommon aglycone 
of 1, 2 and 3, showed the glycosylation shifts5) for C-2, 
C-3 and C-24 as in the case of 2, indicating that 7 is 3- 
and 24-diglycosyl-mogrol. On acid hydrolysis, 7 yielded 
D-glucose and the coupling constants of three anomeric 
proton signals demonstrated anomeric configurations of 
three glucopyranosyl units to be p. In the electron impact 
mass spectrum (ET-MS) of acetylated 7, the fragment ions 
associated with terminal glycosyl (m/z 331) and glycobiosyl 
units (m/z 619) were observed. The sequencing analysis of 
permethylated 7 revealed the presence of terminal and 
6-linked glucopyranosyl residues.6) These results indicated 
the presence Of fi-D-gJUCOSyl and &gentiobiosyl residues in 7. 

The allocation of p-D-glucosyJ and /?-gentiobiosyl 
groups on the aglycone (8) was elucidated by means of the 

nuclear Overhauser effect (NOE) spectrum of acetylated 7. 
The assignment of signals due to three sets of p-glucosyl 
protons of acetylated 7 was established by means of ‘H-‘H 
two dimensional correlation spectroscopy (2D COSY) as 
summarized in Table I. Jn the NOE spectrum, cross peaks 
were observed between an anomeric proton at 6 4.98 (IH, 
d, 5=8.0 Hz) and 6-H, signals at 6 3.65 (IH, dd, J=7.3, 
12.0 Hz) and 3.74 (I H, dd, J=2.2. 12.0 Hz), and were proved 
by ‘H-‘H 2D COSY to be located in the same glucosyl 
unit as that of an anomeric proton which appeared at d 
4.84 (I H, d, J= 7.6 Hz). Accordingly, signals at 6 4.84 and 
4.98 were assigned as anomeric protons of inner and 
terminal /?-glucosyl units of a /?-gentiobiosyl moiety, re- 
spectively. It follows that the remaining signal at 6 4.71 
(IH, d, J= 8.0 Hz) is assigned as an anomeric proton of an 
unsubstituted /3-glucosyl unit. In the NOE spectrum, cross 
peaks were observed between the signal at 6 4.84 and the 
signal due to H-24 of the aglycone moiety at 6 3.48 (IH, 
dd, J= 10.5, .5.4Hz), and also between the signal at 6 4.71 
and the signal due to H-3 of the aglycone moiety at 6 3.42 
(IH, brs). Based on these results, 7 was formulated as 
3-O-~-~-glucopyranosyl-24-O-~-gentiobiosyl-mogrol. 

The relative sweetness to sucrose was determined in an 
0.012% aqueous solution for 1 and 2, 0.01% solutibn for 
3 and 0.05% solution for 4 by. a panel of five professional 
tasters in the manner described previously.‘) This panel also 
determined taste quality using an aqueous solution of 
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TABLE 1. ‘H-NMR Chemical Shifts (8) for Sugar Moiety of Acetylated 7 in Acetone-d,‘i 

24-o-sugar 
3-O-Sugar 

Inner Terminal 

H-l 4.71 (d, J=8.0) H-l 4.84 (d, J=7.6) H-l’ 4.98 (d, J = 8.0) 
H-2 4.82 (dd, J=8.0, 9.8) H-2 4.89 (dd, J=7.6, 9.6) H-2 4.84 (dd, J=8.0, 9.6) 
H-3 5.18 (dd, J=9.3, 9.8) H-3 5.19 (dd. J=9.3, 9.6) H-3’ 5.21 (dd, J=9.6. 9.6) 

;:; 
4.91 (dd, 5~9.3, 10.2) H-4 4.82 (dd, J=9.3, 10.2) H-4 4.94 (dd, J=9.6. 10.2) 
3.85 (ddd, J=2.5, 5.5. 10.2) H-5 3.87 (ddd. J=2.2, 7.3, 10.2) H-5 3.86 (ddd, J=2.5, 5.2, 10.2) 

H-6 4.04 (dd, J=2.S, 12.0) H-6 3.65 (dd, J=7.3, 12.0) H-6 4.06 (dd, J=2.5, 12.2) 
4.18 (dd, J=5.5, 12.0) 3.74 (dd, J=2.2, 12.0) 4.19 (dd, J=5.2. 12.2) 

a) Measured at 400MHz with TMS as the internal standard; coupling conslants are given in Hz (d. doublet). 

TABLE II. Taste and Relative Sweetness 

Compound Cont.“’ (%) Taste Relative 
sweetnesS+) 

0.012 
0.012 
0.010 
0.05 

Sweet 
Sweet 
sweet 
Sweet 
Tasteless 
Tasteless 
Tasteless 

392 
425 
563 

84 

a) Concentration of sample in aqueous solution (w/v%). b) Sucrose = I. 

samples at a concentration which exhibited similar sweetness 
to that of a 5% aqueous solution of sucrose. The results 
are summarized in Table II. 

We previously isolated a number of cucurbitane gly- 
cosides from the rhizomes of Hemsleya carnosipora C. Y. 
WV et Z. L. Chena) and H. panacis-scandens C. Y. WV et 
Z. L. Chen@ collected in Yunnan, China. In those studies 
on the structure-taste relationship of these compounds and 
their derivatives, it was suggested that the oxygen func- 
tion at the 1 l-position of the aglycone moiety is responsible 
for the occurrence of taste; glycosides of 1 lcr-hydroxy- 
compounds taste sweet, while glycosides .of 1 lg-hydroxy- 
compounds are tasteless and 1 I-keto-glycosides taste 
bitter.6*8) In the present study, glycosides of 1 la-hydroxy- 
aglycone, 1, 2 and 3 were found to taste very sweet, while 
a remarkable decrease in sweetness was observed for the 
glycoside (4) of 1 I-keto-aglycone. The quality of taste of 4 
was also significantly poorer than 2 and 3. 

It has been observed that the number of glucose units is 
also responsible for the occurrence of taste.6*8) Mogrol- 
glycosides, 5, 6 and 7 which have less than three glycosyl 
units, are almost tasteless. The relationship between the 
allocation of glucosyl units and sweetness is also note- 
worthy. Siamenoside I (3) which has four glucosyl units, 
is the sweetest compound among glycosides of this type so 
far isolated and shows a similar good the taste quality to 
2 which has five glucosyl units, while the sweetness of 
mogroside IV (1) with the same number of glucosyl units 
as 3 is even less than 3. 

Experimental 
Optical rotations were measured with a Union PM-101 automatic digital 

polarimeter and a Jasco DIP-360 digital polarimeter. ‘H- and t3C-NMR 
spectra were recorded on a JEOL GX-400 spectrometer in CsDsN solution 
(acetates of 7: in acetone-d,) using tetramethylsilane (TMS) as a” internal 
standard. El-MS and fast atom bombardment mass spectrum (FAB-MS) 
were recorded on a JEOL SX-102 spectrometer. Gas liquid chromatog- 
raphy mass spectrometry (GC-MS) were recorded on a Hitachi M-80B 

mass spectrometer. Acetylation procedure for the El-MS and ‘H-NMR: 
A solution of a few mg of glycoside in Ac,O (I ml) and C,H,N (2ml) 
was allowed to stand at room temperature overnight. After work-up in 
the usual way. the resulting acetate was subjected to spectrometry. High 
performance liquid chromatography (HPLC) was carried out with a Tosoh 
CCPM pump equipped with a Tosoh UV 8010 UV/VlS as a detector on 
a YMS packed column D-ODS-R (20mm x 250cm), flow rate: 5ml/min. 
For column chromatography, silica gel: Kieselgel 60 (Merck, 70-230 
mesh), silanized silica gel: Cosmosil 75C,,-OPN (Nacalai Tesque) and 
highly porous synthetic resin: Diaion HP-20 (Mitsubishi Chem. Ind. Co., 
Ltd.) were used. All solvent systems for chromatography were homo- 
geneous. Identification of known compounds was made by compar- 
ison of the ‘H- and “C-NMR spectra and optical rotation with those 
of a respective authentic sample. In the case of 5 and 6, identification 
was established by comparison of the El-MS, ‘H- and 13C-NMR spectra 
of their acetates and [a]” with the reference data. Acid hydrolysis of 
glycosides and identification of the resulting monosaccharides including 
absolute configuration were carried out as reported previously.6’ 
Permethylation and the sequencing analysis of sugar moiety were also 
referred to in the previous paper.@ 

Extraction and Separation The dried fruits of Sirairiagrosvenori (24Og) 
purchased in Macao were extracted with MeOH. A suspension of the 
MeOH-extract (34g) in H,O was defatted with C,H,,. The H,O layer 
was successively chromatographed on Diaion HP-20 with H,O, 50% 
MeOH, 80% MeOH, MeOH and (CH,),CO. 

The SO% MeOH eluate was separated by column chromatography on 
silica gel with CHCI,-MeOH-H,O (6:4: I) and then successively on 
silanized silica gel eluted with 56% and 70% MeOH to give 4 and 2. 

The 80% MeOH eluate was chromatographed on silica gel with 
CHCI,-MeOH-H,O (6:4: I) to give fractions I-IX. Fraction I was 
subjected to HPLC, mobile phase: 62% MeOH to give 5. Fraction IV was 
subjected to chromatography on silica gel with CHCI,-MeOH-H,O 
(10: 5: 1) followed by HPLC,mobilephase: 65% MeOH to give7. Fraction 
V was separated in the same way as fraction IV, yielding 6. Fraction VII 
was chromatographed on silanized silica gel with 60% MeOH to afford 
3 and 1. Chromatography of fraction VIII on silanized silica gel with 60% 
MeOH afforded 1 and 4. Fraction IX was chromatographed on silica gel 
with CHCI,-MeOH-H,O (6:4: I) and then on silanized silica gel with 
56% MeOH to give 2. 

Mogroside IV (1): A white powder, (a]~’ -5.8” (c= 1.04, MeOH). IR 
(Nujol) cm- ‘: 3400 (OH), 1640, 890 (C=C). ‘H-NMR 6: anomeric H 
5.34 (IH, d, J=7.7Hz), 5.17 (IH, d. J=7.9Hz), 5.09 (1H. d, J=7.7Hz), 
4.82(1H,d,J=7.9Hz). “C-NMR&anomericC 107.0,106.4,105.5,101.8. 

Mogroside V (2): A white powder, [a]:: - 1 I .7” (c= I .02, MeOH). IR 
(Nujol) cm-‘: 3400 (OH), 1640, 890 (C=C). ‘H-NMR b: anomeric H 
5.41 (IH, d, J=7.7Hz), 4.88 (IH, d, J=8.6Hz), 4.86 (lH, d, J=6.1 Hz), 
4.84 (IH. d, J=7.4Hz), 4.79 (IH, d, J=7.7Hz). 13C-NMR S: anomeric 
C 106.8, 105.5, 105.2, 104.7, 103.5. 

Siamenoside I (3): A white powder, [a]~’ +4.9” (c= 1.03, MeOH). IR 
(Nujol) cm-‘: 3400 (OH), 1640, 890 (C=C). ‘H-NMR 6: anomeric H 
5.38 (IH, d, J=7.7Hz), 4.99 (lH, d, J=7.7Hz), 4.86 (IH, d, J=7.7Hz), 
4.84(IH,d,J==7.5Hz).‘sC-NMRG:anomericC 107.3,105.7,104.9,103.6. 

I I-Oxo-mogroside V (4): A white powder, [alp +20.5” (c=OSl, 
MeOH). IR (Nujol) cm-‘: 3400 (OH), 1640, 890 (C=C). ‘H-NMR 6: 
anomeric H 5.46 (IH, d, J=7.7Hz), 5.12 (IH, d, J=7.7Hz), 4.88 (IH, d, 
J=7.9Hz), 4.84 (IH, d, J=7.7Hz), 4.77 (lH, d, J=7SHz). “C-NMR 
6: anomeric C 106.9, 105.6, 105.5, 104.9, 103.6. 

Mogroside IIE (5): A white powder, [a]:: +35.2” (c=O.88, MeOH). IR 
(Nujol) cm-*: 3400 (OH), 1640, 890 (C=C). ‘H-NMR 6: anomeric H 
4.98 (lH, d, J=g.OHz). 4.87 (LH, d, J=7.8Hz). ‘%T-NMR 6: anomeric 
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C 107.0, 105.8. 
Mogroside IIIE (6): A white powder, [a]is i4.5” (c=O.88, MeOH). IR 

(Nujoi) cm“: 3400 (OH), 1640, 890 (C=C). ‘H-NMR 6: anomeric H 
5.28 (IH, d, J=7.7Hz), 5.03 (IH, d,J=7.7Hz), 4.84 (IH, d, J=7.7Hz). 
‘“C-NMR 6: anomeric C 107.2, 106.2, 101.7. 

Mogroside III (7): A white powder, [a]:“ +2.5” (c=O.36, MeGH). High 
resolution FAB-MS m/z: Calcd for C H 0 +Na 985.5349. Found 48 82 19 
985.5344 (M+Na)+. IR (Nujol) cm-‘: 3400 (OH), 1640, 890 (C=C). 
‘H-NMR b: anomeric H 4.86 (IH, d, J=7.9Hz), 4.84 (IH, d, J=7.7Hz), 
4.80 (IH, d, J=7.5Hz). “C-NMR 6: aglycone moiety 26.2 (Cl), 29.5 
(C2), 87.9 (C3). 42.4 (C4), 144.2 (CS), 118.5 (C6), 24.6 (C7), 43.5 (CS), 
40.1 (0). 36.9 ((CIO), 77.8 (Cl I), 41.1 (C12), 47.4 (C13), 49.7 (Cl4), 34.6 
(C15), 28.2 (Cl6), 51.1 (Cl7). 17.1 (Cl8),” 26.7 (C19),” 36.2 (C20), 18.8 
(C21), 33.1 (C22), 27.5 (C23), 92.8 (C24), 72.7 (C25), 24.2 (C26),” 26.3 
(C27),” 19.3 (C28), 27.7 (C29),” 26.3 (C30),” glucosyl moiety 107.4 (Cl), 
75.5 (C2).b78.5 (C3),‘71.5 (C4).d78.1 (C5)‘63.1 (C6),‘gentiobiosyl moiety: 
inner Glc 104.8 (Cl), 75.1 (C2), * 78.1 (C3),’ 72.1 (C4),d 76.4 (C5). 70.4 
(C6), terminal Glc 106.3 (Cl). 75.5 (C2),b 78.7 (C3).‘71.8 (C4),d 78.6 (CS), 
62.5 (C6).’ (a-/: are interchangeable). 
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3%. Cucurbitane-type triterpenes are known as bitter prin- .g.:- 
c ciples of cucurbitaceous plants. while some of the glyco- 
F>des of triterpenes of this type are sweet tasting; bryodul- 
se.1 ” . 
$,costde” from roots of Bryonia dioica JAW., mogrosides IV 
%‘(l)and V (2)‘-” from fruits of Siraitiagrosveflori SWINGLE 
@(=Momordica grosrenari SWINGLE; Chinese name of the 
& . . 
gfrutt, luo-han-guo) and glycosides from rhizomes of 
-+ Hemsleya carnosrjloru C. Y. WV et Z. L. CHEN sp. nav.“’ $L * 
gand H. panacb-sccm(iet~s C. Y. WV et 2. L. CHEN.” In our 
$$Fries of studies on Chinese cucurbitaceous plants. the 
8 present paper describes the characterization of sweet 
2. glycosides from fruits of Siraifia siumensis CRAIB. (Chinese 
$pame. chi-zi lou-han-guo) which grows in Xi-shuang-ba- 
8 aa. South-Yunnan, China and is closely related to S. 
,3 
p ~rO.Wenori. 

5.’ Dried and powdered fruits were extracted with pe- 
t? i 
$.!roleum ether to remove the lipophilic materials and then 
.Z extracted with methanol. The sweet methanolic extract >; 
% was separated by chromatography on a highly porous “i 
&Polymer, then on silica gel and finally by high- 
$Performance liquid chromatography (HPLC) on a reverse- 
2Phase column to give six glycosides, A-F, in yields of I.1 
$:&836, 0.57. 0.047. 0.12, 0.013 and 0.055’& respectively. 
$.. GIycosides B and D were identified as 2 and 1. re- 
Fspectively, both of which have already been isolated from 
%Luo-han-guo by Takemoto er al.“‘J’ 
&..A new sweet glycoside A (4) afforded D-glUCOSC on acid 
‘I hydrolysis. The ‘H- and “C-NMR spectra of 4 exhibited 
$%nals due to anomeric protons and carbons of five 
g,glPoside units (see the experimental section). 
z; The ‘H- and “C-NMR signals of mogrol (3), which is 

pi ?‘- lhe,common aglycone of 1 and 2, were characterized by 
d? 
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L/d+---- 

% 

1 Cl&-Glc 

2 -Cd-Glc 

3 -H 

4 -Cd-Glc 

5 -H 

6 -Glc 

R2 

-‘Xc*-Glc 

Clc: b-D-glucopyranosyl 

Chart 1. 

Table I. ‘H-NMR SPECTRAL DATA OF MOGROL (3) 

(400 MHz, dh-acetone with TMS) 

H 

3 
6 

72 
8 

IO 
11 
17 
18 
21 
22 
23 
24 

3.40 t J=2.7 Hz 
5.47 d J=6.l Hz 
1.78dd J=10.4, 6.1 Hz 
1.67 d J=7.3Hz 
2.55 br. d J= 12.1 Hz 
3.87 dd J= II .4, 5.5 Hz 
1.59br.t J=8.2Hz 
0.91 s 
0.95 d Js6.2 Hz 
1.30dd J=9.4. 1.7Hz 
1.35 br.d J= 10.3 Hz 
3.25 dd J= 10.3, 2.0 Hz 

means of ‘H-‘H COSY, “C-‘H COSY and 2D- 
INADEQUATE procedures as shown in Tables I and II. 
In a comparison of the “C-NMR spectra of 1 and 3, 
the signal due to the 24-carbinyl carbon was displaced 
downfield by 9.0 ppm on glycosylation (glycosylation 

’ Correspondence should be addressed to 0. Tanaka. 
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Table II. “C-NM R SPECTRAL DATA OF THE 
AGLYCONE MOIETIES OF 1 z 6 

(100 MHz, C5D,N with TMS) 

C-No. 3 n 2 6 5 4 

I 

2 
3 
4 
5 

6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

25.8 26.8 26.8 26.8 21.2 22.2 
30.8 29.4 29.4 29.4" 29.7 29.2 
76.2 87.4 87.4 87.9 75.5 86.6 
42.2 42.3 42.2 42.3 41.8 41.9 

144.3 144.3 144.3 144.2 141.3 141.2 
119.1 118.4 1.l8.4 118.4 118.9 118.4 
24.5 24.5 24.6 24.5 24.2 24.0 
43.6 43.5 43.5 43.5 44.0 44.0 
40.2 40.1 40.1 40.1 49.1 49.0 
36.9 36.7 36.7 36.7 35.9 35.9h 
77.8 77.9 77.9 77.9 213.8 213.9 
41.2 41.0 41.0 41.1 48.7 48.8 
47.4 47.4 47.4 47.4 49.1 49.0 
49.8 49.7 49.7 49.6 49.6 49.7 
34.5 34.5 34.5 34.5 34.5 34.5 
28.4 28.5 28.5 28.5 28.1 28.3 
51.0 50.9 51.0 51.0 49.8 49.9 
17.0 17.0 17.1 17.1 16.9" 17.0 
26.7" 27.0 27.0 27.0 20.1 20.3 
36.3 36.7 36.3 36.3 35.9 36.2h 
18.9 19.1 19.1 19.0 18.2" 18.3“ 
34.2 33.8 33.2 33.2 33.9 33.0 
29.0 28.5 29.4 29.5h 28.6 28.5 
79.0 88.0 91.9 92.1 78.9 92.0 
72.7 72.4 72.7 72.8 72.7 72.7 
25.8" 25.8" 24.6" 24.5" 25.9 25.8 
26.2" 26.2" 26.2" 26.3" 26.1 24.6 
19.3" 19.3" 19.4" 19.4" 18.5 18.7" 
27.3 27.6 27.6 27.6 27.9 28.2 
26.2" 26.2" 26.2" 26.3" 27.0" 27.0 

a.h These signals may be interchanged in each column. 

shift).7-9’ On the other hand, an unexpectedly large 
glycosylation shift ( + 12.9 ppm) of the 24-C signal was 
observed for 2 which had a bulky sugar moiety (branched 
chain) at the 24-hydroxyl group. This anomalous shift is 
useful for allocating the sugar moiety of the related 
glycosides. 

A comparison of aglycone carbon signals for 4 with 
those of 1 I-oxomogro13’ (= bryoducosigenin, 5”) and 2 
(Table II) indicated that 4 must be a 3.24-O-bisglycoside of 
5. The carbon signals due to the sugar moiety of 4 were 
almost superimposable on those of 2. The anomalous 
glycosylation shift of 24-C (ri& supro) was observed from 
5 to 4, leading to the structure of I I-oxomogroside V as 
shown in Chart 1. 

A new sweet glycoside C named siamenoside I (6) 
afforded D-glUCOSe after acid hydrolysis. The ‘H- and “C- 
NMR spectra showed signals due to anomeric protons and 
carbons of four &glucoside units (see the experimental 
section). The El-M.5 of an acetate (7) of 6 exhibited 

fragment ions due to Glc-AC, (I?I : 33 I ) and Glc,-Ac 
(q’: 907) but no fragment ion due to G~c~-.L\~. (,>, - 6,; 
suggesting the presence of a branched cham F\Ucotriosid, 
moiety like that in 2. All of the carbon sign;~lc due to ,hr 
aglycone moiety of 6 appeared at verb similar chemira, 
shifts to those of 2, including the anomalous gI!cos~l;llion 
shift of 24-C (Table II). These results indicated Ihat 6 mu,, 
be 3-O-P-glucosyl-24-o-glucotriosyl (hranched).mo,,,,, 
The structure of the 24-0-glucotrios>l moirth of 6‘u;l, 
elucidated by means of the ‘H-‘H COS). and ‘H-I,, 
NOESY spectra (in acetone-&) of 7. In the ‘H-~il~ 
spectrum of 7. most of the carbin! prolon signals of thr 
glycosyl moiety appeared downfield h> acer~lstion shift. 
while signals which were not displaced dounticld (,$3,7, 
(IH. dd, J=7.7. 8.3.H~) and ($3.68 (IH. dd. J=J,(J, 
12.1 Hz) and 3.79 (IH. dd. J=2.?. 12.1 Hz)] were rc. 
spectively characterized as 2-H and 6-H. m the samr 
glucoside unit based on the ‘H-‘H COS\’ procedure. The 
presence of NOE between this 2-H signal and an anomerlc 
proton signal at ii4.51 (IH. d. J=7.9Hz). as well a, 
between one of the 6-H, signals (ri 3.68. I,;(/<, .rl/prrr) and at, 
anomeric proton signal at 6 4.79 (I H. d. J= F. I Hz). ~2, 
substantiated by the ‘H-‘H POESY procedure. Thew 
results indicated the presence of a 2.h-di-0-/i-ylucosyl./~. 
glucoside moiety. A signal at 64.35 (I H. d. J= -.7 Hz) ~2, 
assigned as an anomeric proton of the foregoing 2.6-linked 
giucosyl unit by the ‘H-‘H COSY procedure. The presence 
of NOE between this anomeric proton signal and the 21. 
carbinyl proton signal of the agl!cone moiety at ii3.JI) 
(I H. br. d. J=8.3 Hz) was observed h> the ’ H-‘H NOES) 
procedure. This revealed the allocation of the 2.6-linked 
glucoside unit at the 2Chydroxyl group. The presence of 
NOE between a signal due IO the %cnrbm!l proton of the 
aglycone moiety at 63.34 (IH. hr. s) and a remaining 
anomeric proton signal at (54.60 (IH. d. J=$.!lHz) w:l\ 
also observed by the ‘fl-‘H NOES\’ proccdurt Thus. 6 
could be formulated as mogrol-3-O-/~-o-Slucop!ranosido- 
24-O-[/~-D-glUCOpyranOS~l( 1 -‘)I-[p-o-glucop~ranos~l. 
(I +6)]-/3-D-glucopyranoside. 

A structural elucidation of compounds E and F has not 
yet been done due to the shortage of materials. 

Experimental 

NMR spectra were recorded \vith a JEOL GX 400 
spectrometer at 400 MHz for protons and UI 11’0 SlHz for 
carbon-l 3 in C,D,N unless otherwise stared. 

P/UII~ r,~ateriul. The plant was collected 31 Xi-shuang-ha- 
na, South Yunnan, China and identified h\ Emeritus 
Professor C. Y. Wu of the Kunming Institure’of Botan!, 
Chinese Academy of Science. A voucher specimen ha’ 
been deposited in the herbarium of this insrirutc 

Cotditions for prepnmriw HPLC. Re\ersc-@se co’- 
umn, TSK-GEL ODS-IZOT (21 mm i.d. x X)cml: detec 
tion. R.I. and UV (2lOnm): flou, rate. 6ml min 

AL'. 

$,rlrit: 

cach L 
*, IO 
H’ilS t: 
and Cc 
the id 
s0lute 

Each 
afford: 

ESf- 

(!07_g 
and tt: 
chrorr. 
201. rr. 
70”” x 
MeOH 
an Me{ 
matogr 
(9: 1 tt 
part (I 
traphe. 
(6:4:! 
Fractir: 
phase. 

Fractio 
on silic; 
geneou, 
phase) 

A pa 
by chrc 
solvent 
(mobile 
(!7Ory 
subject.2 
CHCl,- 
by HPL 
(60 mg). 

1 (mo 

MeOH) 
5.07 (IF 

‘d. J=J 
-6.3 ( 
d. J=; 

7.8 H7 / 

ldenlih< 



-sN/,iltg nlo,lo.~rr~c/la,irle. A solution of a few milligram of 
:each glycoside in 1 s H,SO,/SO”, EtOH (I ml) was heated 
‘at 100 C in a sealed tube for 4 hr. The reaction mixture 
,,,as treated with BaCO, and then with Amberlite MB-3, 
aad concentrated to dryness. The residue was subjected to 
the identification of monosaccharides including the ab- 
solute configuration that was reported by Ohshima er a/.‘O’ 
Each compound (1. 2, 4, 6, and glycosides E and F) 

,Qrraction and separafion. Dried and powdered fruits 
(207g) were defatted by extracting with petroleum ether 
aad then extracted with hot MeOH. This extract (65g) was 

‘chromatographed on highly porous polymer resin (DA- 
201, made in China) by eluting with Hz0 and then with 
79% MeOH. The 70’!,, MeOH eluate was dissolved in 

OH to remoze the MeOH-insoluble substances to give 
eOH-soluble sweet fraction (I 0.5 g), which was chro- 
graphed on silica gel by eluting with CHCI,-MeOH 
then 5 : 5) io separate into seven fractions (I-VII). A 
(ISg) of fraction V (2.7g) was further chromato- 

graphed on silica gel by eluting with CHCI,-MeOH-H,O 
(6:4: I. homogeneous) to give fractions V-l, -2 and -3. 

on V-2 (544mg) was subjected to HPLC (mobile 
57’1,” MeOH) to give 2 (140mg) and 6 (54mg). 

on V-3 (917 mg) was separated by chromatography 
ca gel [CHCI,-MeOH-H,O solvent (6 : 4: I, homo- 

geneous)] and followed by HPLC (54’~ MeOH mobile 
phase) to give 1 (372 mg) and glycoside E (I 5 mg). 
h A part (503mg) of fraction VI (9lOmg) was separated 
by chromatography on silica gel [CHCI,-MeOH-H,O 
solvent (6:4: I, homogeneous)] and followed by HPLC 
(mobile phase, 54’:; MeOH) to give 4 (42mg) and I 
(270mg). A part (503mg) of fraction VII (l.24g) was 
subjected to chromatography on silica gel by eluting with 
CBCl,-MeOH-H,O (6 : 4 : I, homogeneous) and followed 
by HPLC (mobile phase, 56”~ MeOH) to give glycoside F 

!c 1 (mogroside IV): a white powder. [z]: -4.4’ (c=O.91, 
MeOH), NMR 6,, anomeric H: 4.81 (IH. d, J=7.6Hz). 
5J37(lH,d.5=7.3Hz).5.16(1H.d.J=7.6Hz),5.33(lH, 
61 J=7.3Hz). 2 (mogroside V): a white powder, [x]p 
~i.3 (c=O.50. HZO). NMR 6,, anomeric H: 4.80 (IH, 
il*J=7.8Hz). 4.86 (IH. d, J=7SHz), 4.89 (IH. d, J= 
@Hz). 5.15 (IH. d, J=7.8Hz), 5.47 (IH, d. J=7.5Hz). 

I Identification of 1 and 2 was conducted by comparing the 

ply of authentic samples of mogrol, I I-oxomogrol and 
mogrosides IV and V. This study was financially sup- 
ported by Monbusho International Scientific Research 
Program-Joint Research between Hiroshima University 
and Kunming Institute of Botany that was organized by 
0. Tanaka (1988. 1989; no. 63044100). 
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+24.3‘ (c= 1.07. MeOH). Anal. Found: C. 53.41; H, 
7.79”!<. Calcd. for C,oH,oo02s 7/2HZO: C, 53.44; H, 
8.OO”i. NMR 6, anomeric H: 4.81 (I H, d. J=8.6 Hz), 4.86 
(IH, d. J=7.6Hz), 4.90 (IH, d, J=7.3Hz). 5.13 (IH, d. 
J=7.9 Hz), 5.49 (1 H. d, J= 7.3 Hz); Sc anomeric C: 103.6 
(IC). 104.8 (IC). 105.4 (ZC), 106.9 (IC). 6: A white 
powder. [z]g f3.5” (c=O.52, MeOH). Anal. Found: C, 
54.58; H, 8.10”/,. Calcd. for CSJHs202+ 7/2 H,O: C, 54.58; 

1 H. 8.40’!/,. NMR 6, anomeric H: 4.86 (IH, d. 5=7.6Hz). 
4.87(lH,d,J=8.0Hz).4.91 (lH.d,J=7.3Hz),5.47(lH. 
d, J= 7.6 Hz): 6, anomeric C: 103.7 (IC), 104.8 (IC), 105.4 
(IQ. 107.3 (IC). 
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ABSTRACT 

The antioxidant effect of Fructus Momordicae extract, FME (mogrosides 75SO%), was 
studied. FME reduced the stable free radical I, I -diphenyl-2-picrylhydrazyl (DPPH) and scav- 
enged superoxide radicals (02-) generated by a hypoxanthine and xanthine oxidase system. It 
also scavenged hydroxyl radicals (*OH) generated by Fenton reaction. In addition, FME inhib- 
ited Fe(II) induced lipid peroxidation in rat cortex homogenates in a dose-dependent manner, as 
indicated by decreased thiobarbituric acid-reactive substances (TBARS) formation. Oral admin- 
istration of FME inhibited TBARS and malonaldehyde (MDA) formation in the ipsilateral 
cortex 30 min after iron-salt injection into the left cortex of rat. FME showed inhibitory effect on 
4-hydroxy-2(E)-nonenal (4-HNE) formation induced by Fe(lII) injection into the rat cortex. 
These data suggest that Fructus Momordicae extract has an antioxidant activity against free radi- 
cals and lipid peroxidation. 

KEY WORDS: Fructus Momordicae extract; Antioxidant; Free radicals; Lipid peroxidation; 
Post-traumatic epilepsy; Fe(ll); Fe(lll); TBARS; MDA and 4-HNE. 

INTRODUCTION 

A variety of clinical pathological events have been found in recent years to be connected 

with oxygen free radical injuries ( J-6). Free radicals can react with vital cellular components such 

as nucleic acids, proteins and membranes, leading to the disturbances in structure and function of 

Abbreviation 
FME, Fructus Momordicae extract; DETAPAC, diethylenetriaminepentaacetic acid; DMPO, 55 
Dimethyl- 1 -pyrroline-N-oxide; DPPH, I, 1 -diphenyl-2-picrylhydrazyl; ESR, electron spin 
resonance; 4-HNE.4-hydroxynonenal; MDA, malonaldehyde; SOD, superoxide dismutase; 
TBARS, thiobarbituric acid reactive substances; XOD, xanthine oxidase; PBS, phosphate buffer 
solution. 
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the cells. Lipid peroxidation is a deleterious effect induced by oxygen free radicals. Brain tissue 

is more vulnerable to the toxic effects of free radicals in comparison with other organs of the body 

because of its high rate of oxidative metabolism and high concentration of readily oxidizable 

substrates, such as membrane lipid polyunsaturated fatty acids(7). It has been found that free 

radicals damage neuronal membranes, and thus induce and propagate lipid peroxidation in vari- 

ous neurological disorders such as epilepsy (8), ischemia (9, IO), and trauma ( I 1). Finding effec- 

tive antioxidants may prove beneficial for treating these diseases and clarifying pathogenesis of 

these diseases. 

Fructus Mornordicae, the fruit of Momorclicu Grosvenori Swingle (a perennial classified to 

the cucurbitaceae family), has long been used for the treatment of acute and chronic bronchitis, 

gastritis. sore throats. minor stomach and intestinal troubles, and whooping cough in traditional 

Chinese medicine( 12- 14). Many reports showed that, pathologies of inflammation are related to 

free radical processes, and most medicines beneficial for inflammation show antioxidant proper- 

ties(2,15-19). However, there is little information about the physiological action of Fructus 

Momordicae in this process. Chemical studies show that it contains sweet components which 

are called mogrosides(l2,20,21), in addition to proteins, lipids and minerals etc. Most 

mogrosides in Fructus Momordicae are 300 times sweeter than sugar (2 1). Recently, the concen- 

trated mogroside extracts of Fructus Momordicae have been obtained. The percent of sweet 

components in the extracts was 75% (FME-A) or 80% (FME-B). 

In the present study, the free radical scavenging activity and effect on thiobarbituric acid 

reactive substances (TBARS) formation in rat cortex homogenates of FME-A and FME-B were 

examined in vitro. Furthermore the ability of FMEs to inhibit lipid peroxidation in vivo was 

tested. The effects of FMEs on TBARS, malonaldehyde ( MDA) and 4-hydroxynonenal (4- 

HNE) production in the FeClj-induced cortical epileptic model of rat were investigated. 

MATERIAL AND METHODS 

Chemicals 1, I -diphenyl-2-picrylhydrazyl (DPPH) was sourced from Sigma Chem. Co. (St. 
Louis, MO, U.S.A.). 5.5Dimethyl-I-pyrroline-l-oxide(DMP0) was from Labotec Co., Ltd. (To- 
kyo, Japan). Diethylenetriaminepentaacetic acid (DETAPAC) was from Aldrich Chemical Com- 
pany, Inc. (WI, U.S.A.). Xanthine oxidase (XOD, cow milk) was from Boeringer Mannheim 
GmbH (Germany). FMEs were kindly supplied by Clean Cycle Company, LTD. (Tokyo, Japan). 
All other chemicals used were of the highest grade available in Japan. 
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Animals Male Wistar rats weighing 200-220 g (Funabashi Farm Japan Inc., Sendai, Japan) were 
used for the experiments. 

Lipid peroxidation assay in rat cortex homogenates Rat was decapitated and the cortex was 
rapidly removed and homogenized in 10 volumes of ice-cold phosphate buffer solution (PBS, pH 
7.4) using a glass homogenizer, and centrifuged at 1,000 x g for 10 min. Protein concentration 
was assayed by the method of Lowry et al. (22). 0. lml of two times diluted cortex homogenates, 
0.04ml of 2mM FeCI,, 0.02 ml of 0.2mM ascorbic acid and tested compounds were mixed well, 
and incubated at 37°C for 15 min. TBARS were measured according to the method of Ohkawa et 
al. by spectrofluorometry (EX: 5 IS nm, EM: 553 nm) (23). 

Free radical analysis The analysis of each free radical was carried out by using ESR spectrom- 
eter (JOEL JES-FEIXG, Tokyo, Japan). Manganese oxide was used as an internal standard (24). 
(I) DPPH radical: 350~1 of 30 PM DPPH ethanol solution and SO pl of FME-A or FME-B 
suspended phosphate buffer solution were placed in a test tube and mixed for IO sec. The mixture 
was transferred to a special flat cell (JOEL Co. Ltd., Tokyo, Japan) for DPPH analysis by ESR; the 
measurement was performed 60 set after addition of each sample. The signal intensity was evalu- 
ated from the peak height of the 3rd signal of DPPH radicals. (2) 02-: SO l,tl of FME-A or FME- 
B suspended phosphate buffer solution, 35 ~1 of 5.5 mM DETAPAC, SOpI of 2 mM hypoxan- 
thine, IS 1.11 of 8.97 M DMPO and SO l.tI of 0.4 U/ml xanthine oxidase were put into a test tube and 
mixed for IO sec. The mixture was transferred to a special flat cell for the analysis of the amount of 
DMPO spin adducts of superoxide radicals (DMPO-OOH). The assay was performed 60 set after 
addition of xanthine oxidase. The signal intensity was evaluated from the peak height of the first 
signal. (3) *OH: Seventy five microliters of I mM FeS04-DETAPAC solution, SO ~1 of FMEs 
suspended solution, 20 pl of 0.92 M DMPO and SO p1 of 1 mM hydrogen peroxide were put into a 
test tube and mixed for IO sec. The mixture was transferred to a special flat cell for the analysis of 
the amount of DMPO spin adducts of hydroxyl radicals (DMPO-OH). The assay was performed 
60 set after addition of hydrogen peroxide. The signal intensity was evaluated from the peak 
height of the first signal. The conditions of ESR spectrometer were as follows: Magnetic field, 
335 + IO mT; field modulation width, 0.079 mT; receiver gain, 3.2 x 100; time constant, 0.1 set; 
sweep time, 2 min; microwave power, 8mW. 

Iron-induced epileptic model in rat 
S@ of freshly prepared 100 mmol/L FeCI3 solution was injected into the left cortex of rat 

over 5 min according to the method of Willmore et al.(2S). Briefly, animals were anesthetized and 
placed in a stereotaxic apparatus. A burr hole was made in the left calvarium I mm posterior and 
Imm lateral to the bregma. A 2%gauge needle attached to a microsytinge firmly held in a stereo- 
taxic micromanipulator was inserted into the left cortex to 2.5 mm below the exposed dura. Con- 
trol animals were injected with 5 1.~1 of saline adjusted to the pH of the FeCI3 solution. One ml of 
PME-A or FME-B (SOmg/ml or lOOmg/ml) was administered orally to rats 30 min before injec- 
tion of the FeCl3 solution. Each rat was killed 30 min after completion of the injection of iron 
solution or saline. The brain was removed, and the cortex was dissected on a metal plate in contact 
with ice. Samples were stored at -800C until the performance of TBARS, MDA and 4-HNE 
assay. 

1113 
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MDA and 4-HNE assay: 
The assay was performed using the LPO-586 Test Kits from BIOXYTECH, OXIS Intema- 

tional S.A. (94385 BonneuiVMame, FRANCE). 

Statistical analysis 
Calculations of difference of statistical significance were made using two-tail student’s t- 

test. 

RESULTS 

In the DPPH test, the free radical scavenging activity of the tested drugs was expressed by 

lC50. The scavenging activities of FMEs increased in a concentration-dependent manner and 

ICso of FME-A and -B was 4.Spg/ml and 2.9pg/ml, respectively (Fig. I ). In addition, kinetic 

study indicated that FMEs quenched DPPH radicals in a time-dependent manner. They could . 
markedly decrease radical concentration as time progressed (data not shown). The ability of 

FMEs to scavenge superoxide radicals and hydroxyl radicals was measured by ESR spin trapping 

technique. FME-A and FME-B scavenged superoxide radicals (02-) with lC50 of 0.44 mg/ml 

and 0.60 mg/ml, respectively (Fig. 2). Fe(II) and hydrogen peroxide system was used to generate 

hydroxyl radicals. FME-A and FME-B inhibited hydroxyl radicals (*OH) generated by Fenton 

reaction with ICs() of 0.83 mg/ml and 0.62 mg/ml, respectively (Fig. 3). 

120 l FME-A 0 FME-B 

100 

g 8o 

5 
2 60 
2 
c 
.g 
B 40 
z 
5 

20 

0 
0 2 4 6 8 10 12 

Concentration (ug/ml) 

Fig. 1. Scavenging effect of FME-A and FME-B on I, 1 -diphenyl-2-picrylhydrazyl radicals. 
Each bar represents the mean f. SD of 3 or 4 determinations. 
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Fig. 2. Effect of FME-A and FME-B on superoxide (075) generated by hypoxanthine and xan- 
thine oxidase system. Each bar represents the mean + SD of 3 or 4 determinations. 

8 80 

z 
5 

E 60 

:: 
-6 
2 
“D 40 

E 
x 
b 

0. 20 
E 
.s 
z 
E 
= 0 

0 2 4 6 8 10 12 14 

Concentration ( mg/ml) 

Fig. 3. Scavenging effect of FME-A and FME-B on hydroxyl radicals (*OH) generated by Fenton 
reagent. Each bar represents the mean + SD of 3 or 4 determinations. 
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Fig. 4. Inhibitory effect of FME-A and FME-I3 on thiobarbituric acid reactive substances 

formation in rat cortex homogenates induced by Fe2+ -ascorbic acid. Each bar represents the 
mean + SD of 5 determinations. a p<O.OOl vs control; b p-=0.05, c p<O.OOl vs Fe. 

In control (untreated) experiments, the amount of TBARS formed in rat cortex homogenates 

was 0.1 nmol/mg protein. Lipid peroxidation in rat cortex homogenates was stimulated by the 

addition of Fe2+-ascorbic acid. FMEs inhibited Fez+-ascorbic acid-induced TBARS formation 

in a concentration-dependent manner (Fig.4). At a concentration of I me/ml, FME-A could in- 

hibit TBARS formation by 55.88%, and FME-B by 38.73%. At a concentration of IOmg/ml, 

FME-A could inhibit TBARS formation by 98.04%, and FME-B by 95.59%. 

The effects of FMEs on lipid peroxidation in FeClg-injected isocortexes of rats were 

shown in Fig.S-7. The TBARS, MDA and 4-HNE levels increased significantly following iron 

ion injection into the cortex, compared to saline injection. Both FME-A and FME-B inhibited 

lipid peroxidation induced by ferric ion in the cortex, as indicated by TBARS assay and MDA 

assay (Fig. 5 and 6). The 4-HNE level in the cortex was reduced significantly only by FME-B at 

higher dose (Fig.7). 

1116 



Vol. 40, No. 6, 1996 BIOCHEMISTRY and MOLECULAR BIOLOGY INTERNATIONAL 

DISCUSSION 

Brain homogenate is useful for investigation of lipid peroxidation and has also been used as 

a preparation to elucidate “antioxidant activity”( 26,27). In vitro experiments showed that ferrous 

ion initiated lipid peroxidation in cortex homogenates and FMEs could inhibit lipid peroxidation, 

as indicated by TBARS formation. 

One animal model of a neurological disorder related to free radical production and lipid 

peroxidation, which has been well established and studied since the report of Willmore (23, is the 

induction of chronic, recurrent seizure in the albino rat by the intracortical injection of an iron salt 

solution. Previous studies showed that iron-induced epileptogenesis is related to the production 

of hydroxyl radical (28) and superoxide radicals (29). TBARS formation in the model indicated 

lipid peroxidation occurred in the brain. Some natural antioxidants have been found to protect 

FeC13 induced epileptic seizure of rats (30-33). Thiobarbitut-ic-acid method is a classic determi- 

nation of study of the level of lipid peroxidation. Because it is affected by much interference its 
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Fig. 5. Effect of FME-A and FME-B on thiobarbituric acid reactive substances formation in the 

iron-induced epileptic foci of rats. The results are expressed as means + SD of 7 determinations. 
a pcO.001 vs control; b pcO.05, c pcO.OO.5, d p<O.OOl vs Fe. 
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Fig. 6. Effect of FME-A and FME-B on malonaldehyde formation in the iron-induced epileptic 

foci of rats. The results are expressed as mean + SD of 7 determenations. a p<O.OOl vs control; b 
p<O.OS, c p<O.OOS vs Fe. 

reproducibility is not satisfactory (34). Malonaldehyde and 4-hydroxyalkenals, such as 4-hy- 

droxy-2(E)-nonenal(4-HNE), are important decomposition products of peroxides derived from 

polyunsaturated fatty acids and related esters. It has been recognized that the measurement of such 

aldehydes provides a convenient index of lipid peroxidation (35). Our results indicated that 

Fe(W) induced lipid peroxidation in the rat cortex shown by the increased production of TBARS, 

MDA and 4-HNE. FME-A and FME-B both inhibited lipid peroxidation induced by Fe(W) in 

cortex as expressed by TBARS and MDA formation, although the 4-HNE level in the cortex was 

reduced significantly only by FME-B at higher dose. Ferrous ion stimulates lipid peroxidation 

through various mechanisms, e.g. the decomposition of lipid peroxides, the generation of hydroxyl 

radicals or the formation of perferryl or ferry1 species. Though the mechanism by which ferric 

ion induces lipid peroxidation in the cortex needs further investigation, FMEs were effective in 

inhibiting the ferrous ion-stimulated lipid peroxidation of rat cortex homogenate and ferric ion- 

induced lipid peroxidation in the cortex. This could be because FMEs I ) form complexes with 
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Fig. 7. Effect of FME-A and FME-B on 4-hydroxynonenal formation in the iron-induced epilep- 

tic foci of rats. The results are expressed as mean + SD of 7 determinations. a p<O.OOl vs control; 
b pcO.05 vs Fe. 

ferrous ions, and/or 2) scavenge free radicals. The latter concept is further supported by the 

DPPH test that showed the high reactivity of FMEs with lipid-soluble free radical. 

The ability of FMEs to function as antioxidants has been verified in this study. Experimen- 

tal results indicate that FMEs are scavengers of the stable-lipid soluble free radical DPPH, of 

hydroxyl radical, and of superoxide radical. They inhibited lipid peroxidation not only in vitro, 

but also in vivo. The in vivo result indicated that components of FMEs could pass the blood-brain 

barrier. The results also showed that there is no significant difference between the scavenging 

activities of FME-A and FME-B, which are not significantly different in composition. These 

results suggest that one of the mechanisms of the anti-inflammatory effect of Fructus Momordicae 

may be contributed by this antioxidant action and FMEs may be an effective antioxidant medi- 

cine for brain diseases related to free radical injury. The results do not allow us distinguish which 

component of the FMEs is responsible for the antioxidant properties. The ability to scavenging 

free radicals could be due to a particular component, as well as to the interactions of different 



Vol. 40, No. 6, 1996 BIOCHEMISTRY and MOLECULAR BIOLOGY INTERNATIONAL 

chemicals, as in the case with EGb 761 (36). FMEs , which are a natural product, appear to be 

promising antioxidant and may be useful in treating a wide range of free radical-induced diseases. 
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INTRODUCTION 

In this chapter, recent progress on the study and utilization of several 
less commonly encountered naturally occurring and synthetic sweet sub- 
stances will be described. Several of the natural sweeteners discussed 
have served as template molecules for extensive synthetic modification. 
Greater emphasis will be provided for those compounds that have com- 
mercial use as high-potency sweeteners or as flavoring agents in one or 
more countries, and priority will also be given to those sweet com- 
pounds for which there is recent published information. Following the 
format of the earlier version of this chapter (l), substances that modify 
the sweet taste response willAlso be mentioned. .--. .; 

NATURALLY OCCURRING COMPOUNDS 

Clycyrrhizin 

Glycyrrhizin, which is also known as glycyrrhizic acid, is an oleanane- 
type triterpene glycoside whose use as a sweetener has been covered in 
several recent reviews (l-4). This compound, a diglucuronide of the 
aglycone, glycyrrhetinic acid (Fig. l), is extracted from the roots of licorice 
(Glycyrrhiza glabra L., Fabaceae) and other species in the genus Glycyr- 
rhiza. In its natural form, the compound occurs in the plant in yields of 6- 
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Figure 1 Structures of glycyrrhizin and apioglycyrrhizin. (GlcA = S-glucuro- 
nopyranosyl; api = S-apiofuranosyl.) 

14% w/w as a mixture of various metallic salts. Well-established proce- 
dures are available for the extraction and purification of glycyrrhizin from 
the plant. Conversion of glycyrrhizin to ammoniated glycyrrhizin, the 
fully ammoniated salt of glycyrrhizin, results in a more water-soluble 
compound that is reasonably stable at elevated temperatures. Glycyr- 
rhizin has been rated as approximately SO-100 times sweeter than su- 
crose, although it has a slow onset of sweet taste and a long aftertaste. 
Ammoniated glycyrrhizin has similar hedonic properties to glycyrrhizin. 
Its sweetness intensity, which is about 50 times sweeter than sucrose, is 
increased in the presence of sucrose (l-4). Attempts to improve the sen- 
sory parameters of glycyrrhizin by synthetically modifying its carbohy- 
drate moieties have not so far led to any sweeter or more pleasant-tasting 
analoges (2,3). However, apioglycyrrhizin (Fig. l), a glycyrrhizin analog 
recently isolated from the roots of Glycyrrhiza inflata Batal, has been found 
to be about twice as sweet as the parent compound (5). Periandrins I-IV 
are additional naturally occurring oleanane-type triterpene glycosides 
that were isolated by Hashimoto and colleagues from the roots of 
Peeriandra dulcis L. (Fabaceae) (Brazilian licorice). These compounds are 
90-100 times sweeter than sucrose, but occur in the plant in low yields 
and are somewhat difficult to purify from bitter substances with which 
they co-occur (2,4). 

GZycyrrhiza root extracts that are constituted by at least 90% w/w 
pure glycyrrhizin, are widely used in Japan for sweetening and flavoring 
foods, beverages, medicines, cosmetics, and tobacco (1,6,7). In 1987, 
extracts of Glycyrrhiza species containing glycyrrhizin were estimated to 
have a share of the Japanese high-potency sweetener market (27%) that 
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was second only to Sfeviu rebaudiana sweeteners, with a sales volume of 2 
billion yen (6). Roots of GIycyrrhiza species for the Japanese market are 
produced mainly in the People’s Republic of China, the Soviet Union, 
Afghanistan, and Pakistan. In addition, extracts of Glycrrhiza roots are 
imported into Japan from the United States and the People’s Republic of 
China (6). Ammoniated glycyrrhizin is included in the GRAS (Generally 
Recognized as Safe) list of approved natural flavoring agents by the U.S. 
Food and Drug Administration. There are many applications of this 
compound as a flavorant, flavor modifier, and foaming agent. While it is 
very useful for incorporation into confectionery and dessert items, am- 
moniated glycyrrhizin is only employed in carbonated beverages that do 
not have too low a pH, since this substance tends to precipitate at pH 
levels below 4.5 (1). 

Glycyrrhizin exhibits a number of other biological activities in addi- 
tion to its sweetness, as exemplified by its antiallergic, antiinflammatory, 
antitussive, and expectorant actions. Unfortunately, the widespread use 
of glycyrrhizin and ammoniated glycyrrhizin by humans has been 
shown to lead to pseudoaldosteronism, which is manifested by hyper- 
tension, edema, sodium retention and mild potassium diuresis (2,7,8). 
The 11-0xo-A*~~~3- functionality in ring C of the aglycone of glycyrrhizin 
has been attributed as the part of the molecule responsible for this unto- 
ward activity (7,9). The Ministry of Health in Japan has issued a caution 
stipulating that glycyrrhizin should be limited to less than 200 mg/day 
when used in drug formulations (8). Glycyrrhizin, at a level of OS-l%, 
has been shown to inhibit in vitro plaque formation mediated by Strepto- 
coccus mutans, a cariogenic bacterial species. As a consequence, it has 
been suggested that glycyrrhizin is suitable for wider use as a vehicle 
and sweetener for medications employed in the oral cavity (9). 

Mogrosides --- :, _ 

Mogrogdes IV and V are sweet curcurbitane-type triterpene glycoside 
constituents of the dried fruits of the Chinese plant IO ban kuo. This 
species, a-member of the family Cucurbitaceae, was accorded the bino- 
mial Momordica grosvenorii Shingle in 1941, which was then changed to 
Thladiuntha grosvenorii (Swingle) C. Jeffrey in 1979. However, new evi- 
dence has indicated that the name of this plant should be Siraitia 
grosvenorii (Swingle) C. Jeffrey. Chemical studies on the sweet principles 
of this plant did not begin until the 1970s (2,4). 

The structures of mogrosides IV and V (Fig. 2) were established by 
Takemoto and colleagues after extensive chemical and spectroscopic 
studies (10-12). The major sweet principle of lo ban kuo fruits is mogro- 
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Figure 2 Structures of mogroside IV and mogroside V. (Glc = S-gluco- 
pyranosyl.) 

side V, which occurs in concentration levels of over 1% w/w (2). 
Mogroside V is a polar compound, since it contains five glucose resi- 
dues, which readily permit its extraction into either water or 50% etha- 
nol. Aqueous solutions containing mogroside V are stable when boiled 
(1). Mogroside V was rated as being 256 times sweeter than sucrose by a 
human taste panel, when a 0.02% w/v solution was tested (10). How- 
ever, this compound has been found to possess a lingering, licorice-like 
aftertaste (1,2). Three other sweet cucurbitane glycosides have been iso- 
lated from two species in the genus Hemsleya, although none of these 
compounds was ranked as more than 80 times sweeter than sucrose, 
when tested at a concentration of 0.025% w/w (33,14). 

Extracts made from lo hatl kuo fruits have long been used by local 
populations in Kwangsi province in southern China for the treatment of 
colds, sore throats, and minor stomach and intestinal complaints (2). 
Preparations made from lo ban kuo are available in Chinese medicinal 
herb stores in several countries including the United States. It was esti- 
mated that the domestic demand of lo ban kuo fruits containing mogro- 
side V for food and medicinal products in Japan in 1987 was two metric 
tons, representing a sales volume of 40 million yen (6). 

Safety studies on mogroside V have not been extensive to date. The 
compound has been found to be nonmutagenic, when tested in a for- 
ward mutation azaguanine assay using Salmonella typhimurium strain 
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TM677 (2,4). Mogroside V produced no mortalities when administered 
by oral intubation at doses up to 2 g/kg body weight in acute toxicity 
studies in mice, and an aqueous extract of lo ban kuo fruits exhibited an 
LD,, in mice of > 10 g/kg body weight (2,4). There appear to have been 
no adverse reactions among human populations who have ingested 
aqueous extracts of IO han kuo fruits, which would be expected to contain 
substantial quantities of mogroside V. Therefore, lo han kuo extracts con- 
taining mogroside V might well be worthy of wider application for sweet- 
ening purposes in the future, because of their apparent safety, in addi- 
tion to favorable sensory, stability, solubility, and economic aspects. 

Phyllodulcin 

Phyllodulcin is produced from its naturally occurring glycoside form by 
enzymatic hydrolysis when the leaves of Hydrangea macrophylla Seringe 
var. thunbergii (Siebold) Makino (Saxifragaceae) and other species in this 
genus are crushed or fermented. Phyllodulcin (Fig. 3) is a dihydroisocou- 
marin and was initially isolated in 1916 and structurally characterized in 
the 1920s. In 1959, this sweet compound was found to have,3R stereo- 
chemistry (l-4). Phyllodulcin has been detected in, the leaves of H. 
macrophylla subsp. serruta var. thunbergii in levels as high as 2.36% w/w (2). 
Several patented methods are available for the purification of phyllodul- 
tin. In one such procedure, after initial extraction from the plant with 
methanol or ethanol, hydragenol (a nonsweet analog of phyllodulcin) and 
pigment impurities were removed after pH manipulations and extraction 
with chloroform. Phyllodulcin was then selectively extracted in high pu- 
rity at pH 10 with a non-polar solvent (15). The relative sweetness of 
phyllodulcin has been variously reported as 400 and 600-800 times 
sweeter than sucrose, although the compound exhibits a delay in sweet- 
ness onset and a licorice-like aftertaste (16). There have been extensive 
attempts to modify the‘phyllodulcin structure in order to produce com- 
pounds wi@ improved sensory characteristics, which have recently been 
subjected to detailed review (3). As a result of such investigations, it has 
been establisked that the 3-hydroxy-4-methoxyphenyl unit of phyllodul- 

Qgq- 
HO 0 

Figure 3 Structure of phyllodulcin. 
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tin must be present for the exhibition of a sweet taste, but the phenolic 
hydroxy group and the lactone function can be removed without losing 
sweetness (3,4,16). To date, the phyllodulcin derivatives that have been 
produced synthetically seem to have limitations in terms of their water 
solubility, stability, and/or sensory characteristics (3,4,16). 

The fermented leaves of H. macrophylla var. thunbergii (“Amacha”) 
are used in Japan to produce a sweet tea that is consumed at Harnutsuri, a 
Buddhist religious festival (1,2). A 1987 estimate indicated that the de- 
mand for extracts of Hydrangea species containing phyllodulcin was 1 
metric ton, with a value of 15 million yen (6). Pure phyllodulcin has been 
found to be nonmutagenic in a forward mutation assay, and also not 
acutely toxic for mice, when administered by oral intubation at up to 2 g! 
kg body weight (2). The low solubility in water and the sensory limita- 
tions of phyllodulcin that have been referred to would seem to limit the 
prospects of this compound being more widely utilized as a sweetening 
agent in the future. 

Sweet Proteins 

Thaumatin 

Thaumatins I and II are the major sweet proteins that have been obtained 
from the arils of the fruits of the West African plant Thaumufococcus danidii 
(Bennett) Benth. (Marantaceae). Thaumatin I has a relative sweetness 
intensity of between 1600 and 3000, when compared with sucrose on a 
weight basis. Thaumatin protein (which is known by the trade-name of 
TalirP protein) was comprehensively reviewed by Higginbotham in the 
first edition of Alternative Sweefeners (17), in terms of botany, production, 
biochemistry, physical characteristics, sensory parameters, sweetness 
synergy with other substances, applications (including flavor potentia- 
tion and aroma enhancement effects), safety assessment, cariogenic eval- 
uation, and regulatory status. Since a further detailed review of thauma- 
tin by van der We1 has also appeared in the literature (18), this subject is 
not covered in depth in the present chapter. 

Talin@ protein was initially permitted as a natural food additive in 
Japan in 1979 (17). In 1987, there was an estimated Japanese demand of 
200 kg of thaumatin, which was valued at a price of 350,000 yen per 
kilogram (6). Despite the fact that Talin@ protein has been approved as a 
sweetener in the United Kingdom and Australia and is being similarly 
reviewed in several other countries (17), it now appears that the major 
future use of this product will be as a flavor enhancer. In the United 
States, Talin@ protein was accorded GRAS status as a flavor adjunct for 
chewing gum in 1984 (17). 
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Monellin 

The sweet protein isolated from the fruits of another African plant, 
Dioscoreophyllum cumminsii (Stapf) Diels (Menispermaceae), has been 
called “monellin,” a substance composed of two polypetide chains, of 
molecular weight 11,000 daltons (1). “Monellin” is actually monellin 4, 
one of five sweet proteins, named monellins 1-5, that have been isolated 
from this plant. Present procedures, in which buffered aqueous extracts 
of D. cumminsii fruit pulps are fractionated, enable 3-5 g of protein to be 
purified per kg of fruit, with a sweetness relative to 7% w/v sucrose of 
1500-2000 times (18). Monellin is costly to produce, and its plant of 
origin is difficult to propagate. In addition, the compound has a slow 
onset of taste, along with a persistent aftertaste, and its sweet effect is 
both thermolabile and pH sensitive (1‘2‘18). No toxicological data are yet 
available for monellin (18). Therefore, unless new formulations can be 
produced to limit these disadvantages, it looks as if monellin will not be 
developed in the near future as a high-intensity sweetener and will have 
greater utilization as a molecular tool for the laboratory investigation of 
the sweetness sensation (1,2,18). 

Other Sweet Proteins 
Mabinlins I and II are sweet proteins that are produced in the seeds of 
Cuppuris musuikui Levi (Capparidaceae), a plant which grows in Yunnan 
province in the People’s Republic of China. The molecular weights of 
mabinlins I and II are 11,600 and 10,400 daltons, respectively, and both 
proteins are composed of single polypeptide chains, and have some 80 
amino acid residues in common. These sweet albumins were found to 
occur in a combined yield of 13% w/w of the dry weight of the defatted 
seeds, with mabinlin I being the major sweet component. Mabinlins I 
and II were treated with 50% aqueous acetone, and then purified by 
chromatography over cellulose. The compounds are reported to be less 
sweet than thaumatin=and, monellin, although similar in sweetness 
quality The sweet taste of mabinlin II persists on incubation at 80°C for 
48 hours at pH 6, although the sweetness of the less stable mabinlin I 
is lost after 30 minutes when stored under the same conditions. Chil- 
dren are reported to chew the seed meal of C. musuikui because of 
its sweet taste and because it imparts a sweet taste to water drunk 
later. No pharmacological studies have been performed on either the 
mabinlins or on C. musuikai seed meal, although the latter is used in 
traditional Chinese medicine to treat sore throats and as an antifertility 
agent (19). 

Pentadin is a sweet protein that was recently reported as a constituent 
of the fruits of the African plant F’entudiplundru bruzzeunu Baillon (Pentadi- 
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plandraceae). The compound has an estimated molecular weight of 
12,000 daltons and was obtained from the plant by water extraction, ultra- 
filtration, and gel filtration. Pentadin has been estimated to have a sweet- 
ness potency about 500 times that of sucrose on a weight basis. Using a 
rhesus monkey, 0.1% pentadin gave a steeper onset and more rapid stimu- 
latory-response decline than did 0.02% thaumatin and monellin. Further 
studies are planned to more thoroughly characterize pentadin (20). 

Miscellaneous Highly Sweet Plant Constituents 

Hernandulcin 

Hernandulcin (Fig. 4) is a bisabolane sesquiterpene that was isolated as a 
minor constituent in a petroleum ether-soluble extract of the aerial parts 
of the herb Lippiu d&is Trev. (Verbenaceae), collected in Mexico. This 
plant was known to be sweet by the Aztec people, according to the 
Spanish physician Francisco Herngndez, who wrote a monograph enti- 
tled “Natural History of New Spain” between 1570 and 1576. The L. 
d&is sweet constituent was named in honor of HernBndez, and was 
rated as 1000 times sweeter than sucrose on a molar basis when assessed 
by a taste panel (21). Racemic hernandulcin was synthesized by a di- 
rected aldol condensation from two commercially available ketones 
(21,22), and the naturally occurring (6S,l’S)-diastereomer of this com- 
pound was produced in the laboratory from (X)-limonene (23). When the 
functional groups of hernandulcin were modified, no sweet compounds 
resulted (24). However, this investigation enabled the conclusion to be 
made that, in addition to the C-l’ hydroxyl and the C-l carbonyl groups 
of hernandulcin, which represent the AH and B groups in the Shallen- 
berger model of sweetness, the C-4/-C-5’ double bond appears to be a 
third functionality necessary for the exhibition of a sweet taste by this 
compound (22,24). Racemic hernandulcin was not mutagenic and not 
acutely toxic for mice at the doses tested in preliminary safety studies 
(21,22). Unfortunately, the high sweetness potency of hernandulcin 
is marred by an unpleasant aftertaste and a somewhat bitter-tasting na- 
ture (21). 

Figure 4 Structure of hernandulcin. 
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Rubusoside 8-glc 

Figure 5 Structure of rubusoside. (Glc = S-glucopyranosyl.) 

Rubusoside 

Tanaka and co-workers have determined the ent-kaurene diterpene ru- 
busoside (Fig. 5) to be responsible for the sweet taste of the leaves of 
Rubus suuvissimus S. Lee (Rosaceae), which is indigenous to southern 
regions of the People’s Republic of China (2,4). Rubusoside is extractable 
from the plant with hot methanol and occurs in high yield in the leaves 
of R. suuvissimus ( > 5% w/w) and at lower concentration levels in the 
fruits of this plant (25). When evaluated at a concentration level of 
0.025%, rubusoside was rated as possessing 114 times the sweetness of 
sucrose, although its quality of taste sensation was marrred by some 
bitterness (2,4). Several analogs of rubusoside have been produced by 
treatment with the cyclodextrin glucosyltransferase produced by Bacillus 
megaterium strain No. 5, and some of these products proved to be 
sweeter and more pleasant-tasting than rubusoside itself (26). 

A sweet tea called Tiun-chu, prepared from the leaves of R. suuvissi- 
mus, is consumed-as ,a- summer beverage in the Guangxi Autonomous 
Region of the People’s Republic of China. Also, during festivals, local 
populatibns mix aqueous extracts of this plant with rice in order to make 
cakes. In recent years, teas made from the leaves of R. suavissimus have 
been used-m folk medicine to treat diabetes, hypertension, and obesity. 
In an acute toxicity test on rubusoside, the LD, was established as about 
2.4 g/kg body weight, when administered orally to mice. Subsequently, 
in a subacute toxicity study, rubusoside was incorporated into the diet of 
mice for 60 days at a dose of one-tenth of its LD,, and no distinct toxicity 
nor side effects were observed (27). However, the aglycone of ru- 
busoside is steviol (enf-13-hydroxykaur-16en-19-oic acid), which has 
been shown to be mutagenic in a bacterial forward mutation assay when 
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R 

Baiyunoside B-glc2+xyl 

Phlomisoside I @-glcz-a-rha 

Figure 6 Structures of baiyunoside and phlomisoside I. (Glc = S-glucopyra- 
nosyl; xyl = S-xylopyranosyl; rha = S-rhamnopyranosyl.) 

metabolically activated (28). The mutagenicity of steviol is discussed 
more fully in Chapter 9. 

Baiyunoside 

Baiyunoside (Fig. 6) is a labdane-type diterpene glycoside, based on the 
aglycone (+)-baiyunol, that was first isolated in 1983 by Tanaka and co- 
workers from a plant used in Chinese medicine, namely, Phlomis betoni- 
coides Diels (Labiatae) (2,4,29). This butanol-soluble compound was found 
to be about 500-fold sweeter than sucrose and to possess a lingering 
aftertaste lasting more than one hour. Phlomisoside I (Fig. 6) is a further 
sweet constituent of l? betonicoides, although its sensory characteristics 
have not been detailed (29). Synthetic routes are available for both (?)- 
and (+)-baiynunol (30,31). A general glucosylation procedure has been 
developed for baiyunol and has not only been used to produce baiyuno- 
side synthetically, but offers a general method for the preparation of 
baiyunoside glycosidic analogs, in the hope that one or more might ex- 
hibit better sensory properties than the parent compound (32). No safety 
studies appear to have been performed thus far on baiyunoside. 

Steroidal Saponins 

Osladin (Fig. 7) is a steroid saponin constituent of the fern Polypodium 
vulgure L. (Polypodiaceae), which was isolated and structurally character- 
ized by Herout and co-workers in 1971 (l-4). The stereochemistry of the 
aglycone of osladin was established by Have1 and Cerny in 1975, al- 
though the configuration of the S-rhamnopyranosyl moiety at C-26 of 
this glycoside has not yet been determined (2,4). While osladin has been 
rated as 3000 times as sweet as sucrose, its hedonic taste characteristics 
are not described in the literature. 
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sessed as having 600 times the sweetness intensity of a 6% w/v sucrose 
solution, but-also revealed a licorice-like off-taste and a lingering after- 
taste (33). Polypodoside B, an isolate similar structurally to polypodoside 
A, except that it has a glucose unit affixed to C-3, was found to be only 
slightly sweet (34). Comparison of polypodosides A and B with other 
compounds based on the same aglycone has indicated that polypodo- 
genin glycosides must be bisdesmosidic in order to exhibit a sweet taste 
(34). The potential of polypodoside A for commercialization is marred by 
its relative insolubility in water, its sensory characteristics, and difficul- 
ties in collecting I? glycyr~hiza rhizomes (33). It is probable that osladin 
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will suffer from similar limitations, in addition to its extremely low con- 
centration levels in its plant of origin, as has already been noted (1). 

Dihydroflavonol Sweeteners 
Naturally occurring flavonoids are generally regarded as either bitter- or 
neutral-tasting compounds, although a number of sweet or bittersweet 
dihydrochalcone glycosides have been reported, including glycyphyllin, 
phloridzin, and trilobatin (2,4). Recently, a new class of sweet flavonoids 
was discovered, namely, the dihydroflavonol sweeteners. In an initial 
report, the sweetness and astringency of the stembark of Glycoxylon 
hub& Ducke (Sapotaceae) was correlated with the presence of four 
dihydroflavonol constituents, although the individual compounds were 
not assessed for the presence or absence of sweetness (35). 

The known compound dihydroquercetin 3-acetate (Fig. 8) was iso- 
lated as a sweet constituent of the young shoots of Tessaria dodotgeifoliu 
(Hook. & Am.) Cabrera (Asteraceae). Dihydroquercetin 3-acetate-4’- 
methyl ether (Fig. S), a synthetic derivative of this sweet plant constitu- 
ent, was determined as possessing about 400 times the sweetness potency 
of a 3% w/v sucrose solution, and exhibited no bitterness, although it had 
a somewhat slow onset of sweet taste. By comparison, dihydroquercetin 
3-acetate was rated as about 80 times sweeter than 3% w/v sucrose. Both 
these quercetin derivatives were found to be nonmutagenic and not 
acutely toxic for mice. The aerial parts of T. dodoneifolia are used in Para- 
guay in folk medicine as an emmenogogue, and the plant is referred to 
colloquially as Kan’ k&-P (sweet herb) (36). 

RI R2 

Quercetin 3-acetate acetyl H G’LJR) 

Quercetin 3-acetated- acetyl CHs 
methyl ether 

Neoastilbin a-rha H (2S3.9 

Figure 8 Structures of some sweet dihydroflavonol derivatives. (Rha = S- 
rhamnopyranosyl.) 



Neoastilbin (Fig. 8) is a further dihydroflavonol that has been re- 
ported to possess a sweet taste. This compound is a rhamnoside deriva- 
tive of taxifolin that is produced by the leaves of Engelhardfiu chrysolepis 
Hance (Juglandaceae), a species which grows in southern parts of the 
People’s Republic of China. The sweetness intensity of neoastilbin has 
not been reported. The leaves of E. chrysolepis are used as sweet tea by 
local populations where they are available (37). 

SYNTHETIC COMPOUNDS 

Oximes 

Perillartine (Fig. 9), the cw-syn-oxime of perillaldehyde, has been known 
to be highly sweet since 1920, and is reported to be up to 2000 times 
sweeter than sucrose (3,38,39). In contrast, perillaldehyde itself (Fig. 9), 
a major constituent of the volatile oil of Perilla frufescens (L.) Britton 
(Labiatae), is only slightly sweet. Perillartine is used commercially in 
Japan as a replacement for maple syrup or licorice for the sweetening of 
tobacco, but more widespread use of this compound for sweetening 
purposes has been restricted by a limited solubility in water, an apprecia- 
bly bitter taste, as well as a menthol-licorice off-taste that accompanies 
sweetness (2,3,38,39). 

The intense sweetness and structural simplicity of perillartine have 
promoted the synthesis of numerous analogs (3,38,39). This work has 
not only led to a better understanding of the functional groups in com- 
pounds of the oxime class that confer sweetness and bitterness, but has 
also led to the development of several improved sweet compounds. One 
of the most promising of such derivatives is SRI oxime V (Fig. 9). This 
compound is 450 times sweeter than sucrose on weight basis and exhib- 
its much improved water solubility when compared with perillartine. 

(4 *CH, (b) AW 
CHIOCH, 

03 

Figure 9 Structures of (a) perillaldehyde, (b) erillartine, and (c) SRI oxime V. 



210 Kinghorn and Compadre 

SRI oxime V has no undesirable aftertaste and is stable above pH 3 (l- 
3,38-40). This substance was shown not to be a bacterial mutagen in the 
Ames assay, and to exhibit an LD, of > 1 g/kg body weight in the rat 
after a single oral dose (40). The compound is readily absorbed and 
metabolized, with excretion nearly quantitative within 48 hours after 
administration to the rat, dog, and rhesus monkey. The major metabo- 
lites of SRI oxime V were found to be products resulting from oxidation 
of either the methoxymethyl or the aldoxime moieties, as well as those 
occurring after thioalkylation and glucuronidation (40). Subchronic toxic- 
ity tests on this compound conducted in rats with a diet containing 0.6% 
SRI oxime V for 8 weeks revealed no apparent toxic effects. It has been 
suggested that SRI oxime V shows such promise as an artificial sweet- 
ener that a chronic toxicity test is warranted (40). 

Urea Derivatives 

Dulcin (p-ethoxyphenylurea) has been known to be sweet for over a 
century. The compound is about 200 times sweeter than sucrose and was 
briefly marketed as a sucrose substitute in the United States. Commer- 
cial use of this compound was discontinued after it was found to be toxic 
to rats at a low dose. Dulcin has also been found to be mutagenic (1,39). 

Another group of sweet ureas of more recent interest are the 
carboxylate-solubilized p-nitrophenyl derivatives, which were discov- 
ered by Peterson and Miiller (3,39). Suosan, the sodium salt of N-(p- 
nitrophenyl)-N’-(&carboxyethyl)-urea (Fig. lo), is representative of this 
series and has been reported as about 350 times sweeter than sucrose, 
although it has significant bitterness. Other compounds in this class are 
even sweeter than suosan (3,39,42). Structure-sweetness relationships 
have been investigated for the sweet-tasting arylureas (3,42,43). 

Miscellaneous Compounds 
Tryptophan Derivatives The sweetness of derivatives of the amino acid 
tryptophan was discovered by Kornfeld and his co-workers in 1968, 
when it was observed that racemic 6-trifluoromethyltryptophan has an 

yHCONH(CH,)&OOv Na’ 

Figure IO Structure of suosan. 
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intensely sweet taste (344). Additional studies demonstrated that these 
compounds are sweet when in the S form, with 6-chloro-S-tryptophan 
being some 1000 times sweeter than sucrose. The S form of this com- 
pound is tasteless but has been found to possess antidepressant activ- 
ity W. 

It was reported by Finley and Friedman that racemic N’-formyl and 
N’-acetyl derivatives of kynurenine, an intermediate in the metabolism of 
tryptophan, are approximately 35 times sweeter than sucrose and elicit an 
immediate sweet taste on contact with the tongue (38,44,45). More re- 
cently, the 6-chloro derivative of kynurenine [3-(4-chloroanthraniloyl)-SS- 
alanine] (Fig. ll), has been reported to be 80 times sweeter than sucrose 
and to possess no significant aftertaste or off-flavor (45). 

Trihalogenated Benzamides 2,4,6-Tribromo benzamides that are sub- 
stituted in the C-3 position by a carboxyalkyl or a carboxylalkoxy group 
are intensely sweet. For example, 3-(3-carbamoyl-2,4,6+ibromophenyl) 
propionic acid (Fig. 12) was rated as 4000 times sweeter than sucrose, 

were comparable with analogous data obtained for saccharin and cycla- 
mate (46). 

(Phenylguanidino)-acetic Acid Derivatives Nofre and co-workers have 
recently reported the synthesis of a series of (phenylguanidino)- and {[l- 
(phenylamino)ethyl]amino}-acetic acid derivatives, with sweetness in- 
tensities between 30 and 200,000 times that of a 2% sucrose solution (47). 

Figure 11 Structure of 3-(4-chloroanthraniloyl)-SS-alanine. 

Figure 12 Structure of 3-(3-carbamoyl-2,4,6-tribromophenyl)propionic acid. 
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These compounds appear to represent some of the most potent sweeten- 
ers discovered to date. 

SWEETNESS MODIFYING SUBSTANCES 

Sweetness Inducers and Enhancers 

Miracuiin 
Miraculin is a basic glycoprotein constituent of the fruits of Richardeh 
dulcifica (Schumach. & Thonning) Baehni [formerly SynsepaZum dulcificum 
(Schumach. & Thonning) DC.] (Sapotaceae) (miracle fruit), that has the 
propensity of making sour or acidic materials taste sweet (1,2). Although 
miracle fruit concentrates are no longer commercially available in the 
United States as a food additive (l), efforts have continued in the struc- 
tural characterization of this substance. Miraculin is single polypeptide 
of 191 amino acid residues, with a carbohydrate content of 13.9% and an 

’ overall molecular weight of 24,600 daltons. The complete amino acid 
sequencing of miraculin was recently carried out by Kurihara and co- 
workers (48). 

Other Sweetness Enhancers 
A number of plant constituents have sweetness inducing properties, 
including cynarin, chlorogenic acid, and caffeic acid (2). Arabinogalactin 
(larch gum) is capable of enhancing the sweetness potency and taste 
qualities of saccharin, cyclamate, and protein sweeteners such as thaum- 
atin and monellin (1). 

Sweetness Inhibitors 

2-(4-Methoxyphenoxy)propanoic Acid 
A series of aralkylcarboxylic acid salts, inclusive of the sodium salt of 2- 
(4methoxyphenoxy)propanoic acid (Fig. 13) have been found to in- 

A 
COOH 

Figure 13 Structure of 2-(4methoxyphenoxy)propanoic acid. 
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I 
hibit the sweetness of sucrose (49). Following the analysis of roasted 
Colombian Arabica coffee beans by gas chromatography/mass spectrom- 
etry and high-performance liquid chromatography, 2-(4-methoxyphen- 
oxy)propanoic acid was found to be a naturally occurring constituent 
(50). This compound (as its sodium salt) is now commercially available as 
a flavoring agent intended to modulate high sweetness, under the 
tradename of Cypha@, and has been accorded Generally Recognized as 
Safe (GRAS) status, for use up to levels of 150 ppm (51). 

Aryialkylketones 
Several arylalkylketones and arylcycloalkylketones have also been dis- 
covered to inhibit the sweet taste of sucrose as well as other bulk and 
intense sweeteners. One such compound, the commercially available 3- 
(4-methoxybenzoyl)propionic acid (Fig. 14), is capable of reducing the 
sweetness intensity of 40% w/v aqueous sucrose by over a sixfold mar- 
gin, when present at ‘a 2% w/v concentration at pH 7, compared with 
when absent from the formulation. This compound and its analogs are 
recommended for use in soft freeze puddings, infused vegetables, and 
other food products (52). 

Triterpene Glycoside Sweetness Inhibitors 
Considerable recent progress has been made in the characterization of 
plant-derived triterpene glycoside sweetness inhibitors. Gymnemic acid 
has been known for some time to be a mixture of variously acylated 
glucuronide derivatives of the oleanane-type aglycone, gymnemagenin, 
found in the leaves of Gymnema sylvestre R. Br. (Asclepiadaceae) (2,4). 
Two groups have now purified six discrete sweetness inhibitors(Fig. 15) 
and several inactive analogs from this plant source (53-55), which 
should be of great utility in future research on the physiology of sweet- 
ness. The most abundant antisweetness factor found was gymnemic 
acid II, and it has been focsd.th_at the more highly acylated substances 
are more potent 6s sweetness inhibitors (53-55). 

While the suppressive effect of gymnemic acid affects taste sensa- 
tions other than sweetness, ziziphin, a constituent of Ziziphus jujuba I? 
Miller (Rhamnaceae), has a selective inhibitory action on sweet taste. 

Figure 14 Structure of 3-(4-methoxybenzoyl)propionic acid. 
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terized, is a further triterpene glycoside that has-been found to $ossess a 
selective inhibitory effect on sweet taste. However, it has been been 
established that hod&in is based on a different~“aglycone than either 
gymnemic acids I-VI or ziziphin (57). 
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summary 

Samples of the sweet-tasting species Acanthospennum hispidum DC. 
(Compositae) (aerial parts), Boscia salicifolia Oliv. (Capparidaceae) (stem bark), 
Hovenia dulcis Thunb. (Rhamnaceae) (peduncles) and Inga spectabilis Willd. 
(Leguminosae) (arils) were acquired as part of a continuing search for high- 
intensity natural sweeteners of plant origin. Following their preliminary safety 
evaluation, the sweetness of these plants was traced to large amounts of sugars 
and polyols by taste-guided fractionation, which were identified and quantified 
using gas chromatography/mass spectrometry. The combined yields of sugars 
and polyols in the A. hispidum, B. salicifolia, H. d&is, and I. spectabilis sam- 
ples investigated were 6.9,10.1,18.4 and 12.1% w/w, respectively. These yields 
are much higher than the total saccharide and polyol content (2.4% w/w) of the 
sweet dried fruits of ThZudiuntha grosvenorii (Swingle) C. Jeffrey (Cucurbita- 
ceae), a species which has previously been reported to contain more than 1W 
w/w of the intensely sweet triterpene, mogroside V. The dried leaves of 
Symplocos tinctoria (L.) L’Hdrit.LSymplocaceae), which were not appreciably 
sweet, were found to contain only 2.6%~wlw of sugars. The results of this inves- 
tigation, therefore, suggest that unless the saccharide and/or polyol content of 
a plant part is well over 5% w/w, then it is unlikely to exhibit an overtly sweet 
taste, unless an intense sweetener is present. 
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Introduction 

In a research program directed towards the isolation of non-caloric and non- 
cariogenic sweet compounds of vegetal origin, candidate sweet-tasting plants 
for study may be selected on the basis of inquiries from local populations in the 
field or analysis of available ethnobotanical and botanical literature (Kinghorn 
and Soejarto, 1986,1989; Soejarto et al., 19831. Other methods of achieving this 
purpose are the organoleptic testing of herbarium samples (Soejarto et al., 
19821 and the perusal of Index Kewensis for plant specific epithets suggestive 
of a sweet taste (Hussain et al., 19881. The use of these approaches, either alone 
or in combination, has enabled our group to isolate a number of highly sweet 
substances from plants, including: stevioside, a diterpene glycoside from Stevia 
phlebophylla A. Gray (Soejarto et al., 1982; Kinghorn et al., 19841; hernandulcin, 
a sesquiterpene from Lippia d&is Trev. (Cornpadre et al., 1985.19861; and dihy- 
droquercetir&acetate, a dihydroflavonol from Tessaria dodoneifoliu (Hook. et 
Arnottl Cabrera (Nanayakkara et al., 19881. 

However, it is now apparent that many plants that taste extremely sweet do 
so not because of the occurrence of intensely sweet constituents, but rather 
because of the presence of large amounts of sugars and/or polyols. For a given 
sweet plant, however, such a conclusion can generally be reached only after 
considerable laboratory effort, comprising taxonomic authentication, solvent 
extraction, safety evaluation, activity-guided fractionation and compound iden- 
tification. In the present investigation, we have examined the saccharide and 
polyol contents of six plants, five of which are distinctly sweet (including one 
species known to contain significant amounts of a high potency sweetener) and 
one of which is not sweet. In this manner, we have determined the concentra- 
tion levels of sugars and polyols that appear to be necessary to confer a dis- 
tinctly sweet taste to a plant part. Relevant literature data on the six plants 
studied in this investigation are summarized in the following paragraphs. 

Acanthospermum hispidum DC. (Compositae) 
A. hispidum is a herb native to South America, which is now widely distrib- 

uted in Africa, Central America, Florida, Hawaii, India and the West Indies 
(Standley, 1928; Watt and Breyer-Brandwijk, 1962; Nash and Williams, 1976; 
Morton, 1981; Correll and Correll, 1982; Nair et al., 19851. The plant is used as a 
diuretic, febrifuge, sudorific and as a treatment for gonorrhea in some parts of 
South America (Uphof, 1968; Morton, 19811, and, in Paraguay, a decoction is 
used for sore throats. Previous phytochemical investigations on A. hispidum 
have indicated the presence of terpenoid and polyphenolic constituents, with 
some of the former possessing in vitro antineoplastic activity (Nair et al., 1985; 
Jakupovic et al., 19861. Uphof (19681 described this plant as bitter and aromatic; 
however, samples collected by our group in Paraguay tasted moderately sweet. 

Boscia salicifolia Oliv. (Capparidaceael 
B. salicifoliu is an African tree of the open Savannah woodland, up to 13 m 
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high with willow-like foliage, that commonly occurs on termite hills. It is wide- 
spread in tropical Africa from Kenya to Zimbabwe and is also found in North- 
ern Nigeria and Angola (Dalziel, 1948; Hutchinson et al., 1954; Irvine, 19611. 
Parts of the tree are edible, such as the leaves, which are also used as a forage 
for livestock, with the starchy roots being consumed in times of food scarcity, 
and the bark and young wood, which are pounded and used to sweeten soup in 
Nigeria (Dalziel, 1948; Irvine, 19613. Medicinally, the roots, bark and leaves are 
used to treat rectal infections, some gynecological disorders and to aid in labor, 
in addition to their use in relieving fever in cattle (Watt and Breyer-Brandwijk, 
1962; Khan et al., 1980; Bullough and Leary, 19821. So far, there has been no 
report published concerning tbe chemical constituents of this species. 
However, alcoholic extracts of B. salicifolia bark and leaves were shown to 
exhibit in vitro antibacterial and antifungal activity (Khan et al., 19801. 

Hove&u d&is Thunb. (Rhamnaceael 
This species is indigenous to the Himalayas, China, Korea and Japan (Bailey, 

1943; Research Institute of Botany, 1972). It is an ornamental tree with 
handsome foliage; being extensively cultivated for its sweet, fleshy, swollen 
and edible peduncles, which taste like bergamot pear (Hooker, 1875; Chun, 
1921; Bailey, 19431, The-fruits, borne on the red peduncles, are used medicinally 
in China as a refrigerant and diuretic, and are reported to contain large quanti- 
ties of dextrose (D-glucose) (Uphof, 1968; Research Institute of Botany, 1972; 
Keys, 1976). The seeds are reportedly used in the Japanese folk medicine, while 
the wood is used in construction and for delicate furniture (Inoue et al, 19781. 
According to Burkill (19661, the dried sweet peduncles are sold in Chinese 
pharmacies in the Malay Peninsula, where they are used medicinally. One 
report has indicated that the peduncles of H. d&is contain high levels of sug- 
ars, and that they are eaten and used to make alcoholic drinks including wine 
(Research Institute of Botany, 19721. Previous phytochemical investigations 
have revealed the presence of saponins and alkaloids in the root bark (Takai et 
al., 1973; Inoue et al 1978; Kimura et al., 1981). Hodulcin, a sweetness-suppress- 
ing constituent of the leaves, has recently been partially characterized as a tri- 
terpene saponin (Segecka and Kennedy, 1987). 

Inga spectabilis W&X (Leguminosael 
I. spectabilis belongs to a rather large genus of trees and shrubs native to 

tropical America and the West Indies (Standley, 1928; Willis and Airy Shaw, 
19801. Its fruits, which contain large seeds surrounded by a fleshy, edible white 
aril, are sold in the markets of Central America for their sweet taste (Standley, 
1928; Uphof, 1968). Decoctions of the leaves, bark and root of Inga species have 
been reported by Garcia-Barriga (19741 to be used in Colombian folk medicine 
for the treatment of diarrhea, dysentery and rheumatism of the joints. 
However, in Costa Rica there has been no report of any medicinal use of Inga 
by local populations, and people refrain from consuming the- fruit, which is 
known as “guaba machete”, because of perceived adverse gastrointestinal 
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effects. To date, there appears to have been no literature report on the constit- 
uents of I. spectabilis, although a methanol-soluble extract of another species of 
the genus, I. punctata, was found to possess cytotoxic activity against KB cells 
(Kingston and Munjal, 1978). 

Symplocos tinctoria iL.1 L ‘H&it. lSymplocaceae) 
S. tinctoria is a deciduous or evergreen small tree or shrub widely 

distributed throughout the tropical and warm regions of America and Asia 
(Bailey, 1943; Fernald, 1970). Known as “horse-sugar”, it grows in the southern 
and southeastern parts of the United States, from California to Delaware 
(Small, 1933; Bailey, 1943; Fernald, 1970). The leaves of this plant are reported 
to be sweetish and consumed by horses and cattle, while both its leaves and 
bark are the source of a yellow dye (Small, 1933; Fernald, 1970). The roots, 
which are bitter and aromatic, are used as a tonic (Uphof, 1968). So far, there 
has been no published report on the chemical constituents of S. tinctoria, 
although a flavonol glycoside and sweet dihydrochalcone glycosides have been 
isolated from other members of the genus (Tschesche et al., 1980; Tanaka et al., 
1980,1982). 

Thludiantha grosvenotii tswinglel C. Jeffrey (formerly Momordica grosvenorii 
Swinglel lCucurbitaceael 

T. grosvenotii is a vine native to the People’s Republic of China, where it is 
widely cultivated in the Kwangsi province (Swingle, 1941). The dried fruits of 
this plant, known as “Lo Han Kuo”, are described as having an intensely sweet. 
taste and are used in China as a household remedy for colds, sore throats, and 
for minor stomach and intestinal troubles (Swingle, 1941). The sweetness of this 
plant has been attributed to the sweet saponins, mogrosides V and VI, in addi- 
tion to glucose and fructose (Takemoto et al., 1983a-cc). A previous investiga- 
tion on commercially available samples’ of dried sweet T. grosvenorii fruits 
indicated that the content of mogroside V varies in the range of 0.81-1.29% 
w/w, depending on the anatomical part of the fruit investigated (Makapugay et 
al., 1985). Mogroside V has been rated as possessing about 250 times the sweet- 
ness intensity of sucrose (Takemoto et al., 1983a). Extracts of the dried fruits of 
T. grosvenorii are used commercially for sweetening purposes in Japan (Anon- 
ymous, 1985). No report appears to have been published on the detailed sac- 
charide composition of the fruit. 

Materials and methods 

Experimental materials 
Thin-layer chromatography (TLC) was performed using 0.25 mm-thick, 

aluminium-backed silica gel plates (E. Merck, Darmstadt, F.R.G.), with column 
chromatography carried out using silica gel (60-230 mesh) obtained from the 
same company. All solvents used in the extraction, partition and chromatogra- 
phy were glass-distilled whenever possible. Authentic sugars and polyols were 
purchased from commercial sources. 



Plant material 
Samples of the following plants were used in the present study: aerial parts 

of A. hispidum DC. (Asuncion, Paraguay, Soejarto, Kinghorn and Bordas 6068, 
19871, stem bark of B. salicifoliu Oliv. (Northern Nigeria, Daramola s.n., 19861, 
stalks of the fruits of H. dulcis Thunb. (South Korea, Chung s.n., 19861, arils of 
the seeds of I. spectabilis Willd. (San Jose, Costa Rica, Poveda s.n., 19851, leaves 
of S. tinctoriu (L.1 L’Herit (Charleston, South Carolina, Dunbar s.n., 19861, and 
fruits of T. grosvenorii (Swingle) C. Jeffery (purchased in Hong Kong and from 
Chinatown, Chicago, Illinois, Soejarto s.n., 19801. Voucher specimens have been 
deposited at the John G. Searle Herbarium, Field Museum of Natural History, 
Chicago. 

Solvent extraction and partition 
The general procedures used for the preparation of solvent extracts of dif- 

ferent polarities are as follows. Plant materials were milled and thereafter 
extracted three times overnight with 80% methanol at room temperature. 
These extracts were bulked and solvent was evaporated to dryness in vacua at 
a temperature not exceeding 40 OC. Each ini 
solved in 75% methanol and partitioned into aliquots of petroleum ether, ethyl 
acetate and 1-butanol, to afford, in turn, petroleum ether- , ethyl acetate-, 
butanol- and aqueous methanol-soluble residues on drying. The initial 80% 
methanol extract and one or more of the other solvent extracts obtained from 
each species were subjected to acute toxicity and mutagenicity evaluation 
before being assessed for sweetness by tasting. 

A. hispidum (223 gl was extracted with 80% methanol (3 x 500 ml), to give 
52 g of a residue on drying. A portion of this residue (45 g) was dissolved in 75% 
methanol and partitioned sequentially with 150 ml (2 aliquots each) of petro- 
leum ether, ethyl acetate and 1-butanol. The residues left on drying of the sol- 
vents weighed 1.7 g (petroleum ether), 10.5 g (ethyl acetate), 7.3 g (l-butanoll 
and 25.4 g (aqueous methanol). In the case of B. salicifoliu, 500 g of plant mate- 
rial were extracted with 8OYa methanol, which gave 59.1 g of residue on drying. 
A portion (40 gl was divided into petroleum ether-soluble (0.4 gl, ethyl acetate- 
soluble (0.9 gl, butanol-soluble (1.7 gl and aqueous methanol-soluble extracts 
(36.8 gl. From H. dulcis, 182 g of plant material was extracted with 80% metha- 
nol, from which 61.2 g of dried residue was obtained. Of this, 50 g was parti- 
tioned as indicated above to produce 0.1, 0.2, 2.8 and 46.7 g, respectively, of 
dried petroleum ether;, ethyl acetate-, butanol- and aqueous methanol-soluble 
residues. From 104 g of I. spectabilis arils, a dried residue weighing 41 g was 
produced after extraction with 30% methanol, of which 35 g was successively 
divided into 0.3, 0.9, 1.6.and 32.2 g of dried petroleum ether-, ethyl acetate-, 
butanol- and aqueous methanol-soluble extracts. The leaves of S. tinctoria (361 
gl on extraction with 80% methanol afforded a residue weighing 84 g on drying, 
of which dried petroleum ether- (1.2 gl, ethyl acetate- (11.0 gl, butanol (18.1 gl 
and aqueous methanol-soluble (49.6 gl portions were obtained when partitioned 
as before. From T. grosvenorii dried fruits (293 gl, a residue of 84 g was 
obtained after extraction with 80% methanol. from which 50 g was nartitioned 
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into 0.1, 0.4, 5.0 and 44.5 g, respectively, of dried petroleum ether-, ethyl ace- 
tate-, butanol- and aqueous methanol-soluble extracts. 

Acute toxicity evaluations 
Acute toxicity experiments were performed on male Swiss-Webster mice, 4 

-6 weeks old. The animals received an orally intubated single dose of each 
plant extract dispersed in 1% aqueous sodium carboxymethylcellulose, as pre- 
viously described (Hussain et al., 1986; Compadre et al., 1987). A control group 
that received only the suspending agent was included in each experiment. 
Plant extracts were tested at 1 and 2 g/kg body weight. Animals were observed 
for signs of toxicity and body-weight changes over a period of 14 days after 
administration, and weight variations were analyzed. None of the extracts 
tested was found to be acutely toxic for mice at the doses used. 

Bacterial mutagenesis assays 
Forward mutation assays utilizing Salmonella typhimurium strain TM 677, 

were performed as in a previously described protocol (Pezzuto et al., 1985; 
Compadre et al., 1987). All plant extracts and their fractions were dissolved in 
dimethylsulfoxide (20 ~1) and evaluated in final concentrations of 0.31,0.62,1.25, 
2.5 and 5.0 mg/ml. Mutagenicity experiments were performed both in the pres- 
ence and absence of a 9000 x g supernatant fraction (S-9) obtained from livers 
of Aroclor 1254-pretreated rats. None of the plant extracts tested was found to 
be mutagenic or bactericidal when evaluated in this manner. 

Organoleptic testing 
After the safety of plant extracts was established by preliminary safety 

studies, they were briefly tasted to establish the presence or absence of sweet- 
ness by applying approximately 50-mg portions to the tip of the tongue, fol- 
lowed by immediate expectoration. The taster’s mouth was rinsed with 
distilled water before and after each experiment. 

Determination of total yields of sugars andpolyols 
For each of the five sweet plants investigated CA. hispidum, B. salicifoliu, H. 

dulcis, I. spectabilis and T. grosvenorii), sweetness was found to concentrate 
exclusively in the final aqueous methanol-soluble extract. These dried extracts, 
as well as the analogous extract obtained from S. tinctoria leaves, were dis- 
solved in water, and the sugars and polyols present in each case were purified 
and decolorized by passage through short charcoal columns (Norit, F.Q.P., East- 
man Organic Chemicals, Rochester, NY), eluted with water and mixtures of 
water and methanol of decreasing polarity (Hampel and Hawley, 1973). Eluted 
fractions were monitored by TLC alongside standard sugars, using two chro- 
matographic systems: (a) butanol/acetic acid/water (4:1:2) and (b) butanollacetic 
acid/ether/water (9:6:3:1) as developing solvents (Harborne, 1973). TLC plates 
were visualized after development with a mixture of anisaldehyde/ethanol/sul- 
furic acid/acetic acid (1:18:1:2), then heated at 100°C for 10 min (E. Merck 



In the case of B. salicifolia bark, a portion of the final aqueous methanol-solu- 
ble extract (11 gl was dissolved in water and passed through a charcoal column 
(11 gl, This column was eluted with water, and a colorless isolate (9.4 g; total 
yield 10.1% w/w) was collected, which exhibited a single zone by TLC, with an 
R, identical to that of sucrose (system a, 0.33; system b, 0.281. The total yields of 
the combined sugars and polyols of A. hispidum, H. dulcis and I. spectabilis 
were determined in a similar manner as 6.9,18.4, and 12.1% w/w, in their plant 
parts of origin, respectively. For T. grosvenorii fruits, 40 g of the final sweet 
aqueous methanol-soluble extract was adsorbed to silica gel (30 gl, then loaded 
onto a column of silica gel (80 x 7 cm, 250 gl, eluted initially by a mixture of 
chloroform/methanol/water (90:12:11, and thereafter with more polar mixtures 
of these solvents. All column fractions were examined by TLC, indicating the 
presence of several sugars, which were decolorized using a charcoal column to 
furnish a total of 4.1 g of sugars and polyols (total yield of 2.4% w/w). In a simi- 
lar way, a mixture of monosaccharides was obtained from the final aqueous 
methanol-soluble extract of S. tinctok leaves in a total yield of 2.0%, also after 
purification with silica gel and charcoal columns. 

Gas chromatography/mass spectrometry 
GUMS experiments were conducted on a Finnigan 4510 Mass Spectrometer/ 

Gas Chromatograph (San Jose, California), equipped with an INCOS data sys- 
tem. The decolorized final aqueous methanol-soluble extract of each plant was 
analyzed using both the electron impact (EI) and chemical ionization (CI) modes, 
using a splitless valve. Prior to injection, thoroughly dried sugar-containing 
plant extracts 00 mgl and standard sugars (1 mg) were derivatized with Tri- 
Silo (0.1 ml, Pierce, Rockford, IL). Mixtures were heated in sealed vials for 15 
min at 70 OC. 

In the EI mode, samples (1 d1, were injected into a DB-1 fused silica capillary 
column (J and W Scientific, Folsom, California), 30 m long, 0.25 mm internal 
diameter and 0.25 pm film thickness. The column temperature was held at 
120°C for 1 min, then programmed at 4OC/min to 27OOC; the injector, interface 
line and ion source temperatures were maintained at 220, 280 and 120°C, 
respectively. Helium was used as a carrier gas at a head pressure of 
approximately 0.6 kg/cm2 and -at‘ a. flow rate of 2 ml/min. Other parameters 
were: electron voltage, 70 eV; emission current, 0.25 mA, scan-to-scan time, 1 s; 
masses scanned 50 - 650 au. 

In the CI mode, a DB-5 fused silica capillary column (J and W; 30 m x 0.25 
mm i.d.; 0.25 pm film thickness) was used. The initial temperature was kept at 
90°C for 1 min, then raised at a rate of 3 OC/min to 240 OC, and thereafter at 6 OC/ 
min until a final temperature of 280°C was reached. Ammonia was introduced 
as the reagent gas at a pressure of 0.4 torr (corrected). Other parameters were 
similar to those described in the EI mode, except for the following: electron vol- 
tage, 90 eV; ion source temperature, 1OOOC; scan-to-scan time, 2 s; masses 
scanned, 110-930 au. 
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TABLE 1 li 

SACCHARIDE AND POLYOL CONSTITUENTS OF SIX PLANT SPECIES, AS DETERMINED BY GAS CHROMAT~GRAPHY~MASS 
SPECTROMETRVb 

Compound Relative 
retention time’ 

Acanthospermum 
hispidum 

Boscia 

salicifolia 
Hovenia 

d&is 
Inga 

spectabilis 

Symplocos 

tinctoria 
Thludiantha 

grosvenorii 

(a) (b) 

L-Arabinose 
L-Rhamnose 
D-Fructose 
r+Galacturonic 

acid 
c-Galactose 
DGlucose 
D-Mannose 
DMannitol 
D-Glucuronic 

acid methyl 
ester 

D-Glucuronic 
acid 

myo-Inositol 
Sucrose 
Otherd 

0.66 
0.69 
0.92 
0.93 

0.95 

1.00 
1.03 
1.05 
1.10 

1.15 

1.22 
1.77 
1.50 

0.68 0.2 - 0.1 
0.70 - - - - - 0.1 
0.90 70.2 - 28.5 21.8 34.6 71.6 
0.95 - - 0.2 2.9 - 

0.98 - - 2.0 0.1 - 0.2 
1.00 7.8 - 19.6 7.5 40.4 3.8 
1.02 1.4 - 0.7 0.8 2.0 0.1 
1.03 13.2 - - 5.3 - 1.4 
1.06 - - 25.5 - - - 

1.09 6.4 - 0.1 20.1 3.8 

1.20 - - - - - 8.3 
1.70 1.0 100.0 23.6 64.1 - 1.8 
1.48 - - - - 8.8 

a Calculated as percentage of all sugars and polyols present in a concentration greater than 0.1% w/w. Compounds were identified by direct compari- 
son with authentic samples. 

bThe total w/w yields of sugars and polyols were: A. hispidum (leaves). 6.9%; B. salicifolia (bark), lO.l%, H. dulcis (peduncles), 18.4%; Z. spectabilis 

(arils), 12.1%; S. tinctoria (leaves), 2.0%; T. grosvenorii (fruits), 2.4O/o. 
c Analyzed on (a) DB-1 and (b) DB-5 fused silica capillary columns, respectively. ., 
d An incompletely characterized disaccharide of D-fructose and D-glucose, that did not correlate t o several standard sugars. This tentative identifica- 
tion was achieved using a computerized library (Heller and Milne, 1978.1980). 



glucose. Quantitation of individual sugars and polyols as a percentage of the 
total saccharide and polyols in a given extract was performed by internal nor- 
malization. 

Results and discussion 

The sugar and polyol contents of the six plants investigated in this study are 
presented in Table 1. The primary technique for the identification of the indi- 
vidual compounds present in each plant was GUMS, in which the analytical 
precision was increased by employing two fused silica capillary columns with 
different stationary phases, in two different analytical modes (EI and CD. In 
some instances, identification was further supported by co-TLC of the unknown 
sugars with authentic compounds. The sugar composition of each species con- 
sisted of mixtures of different saccharides with or without polyols (Table 11, 
with B. sal&$folia being the only exception, where sucrose was the only sugar 
detected. The total yield of sucrose in the bark of this plant was calculated as 
10.1% w/w, which approaches those of sucrose in sugar cane (15- 20% w/w) and 
sugar beet (lo- 15% w/w) (Windholz, 19831. Sucrose was also found to occur at 
a high concentration (7.8% w/w) along with other sugars in the arils of I. specta- 
bilk. Therefore, the use of these two species by local populations for their 
sweet taste, as noted earlier, seems well-founded. The extremely high sacchar- 
ide levels in H. dulcis peduncles (total yield, 18.4%1, no doubt account for the 
selection of a specific epithet for this species denoting sweetness (Hussain et 
al., 19881. It may also be noted that the dried samples examined of the above 
three distinctly sweet-tasting species all contained over 10% w/w sugars, 
whereas the sample of A. hispidum dried leaves, which was only moderately 
sweet, only possessed 6.9% w/w total sugars and polyols. Since the total yield 
of sugars in the fruits of T. grosvenorii (2.4%) was only marginally higher than 
that of the leaves of S. tinctoria leaves, which did not taste appreciably sweet, 
it may be inferred that the intense sweetness of T. grosvenorii fruits is due 
mainly to the presence of triterpene glycosides such as mogroside V (Takemoto 
et al., 1983a-c; Makapugay et al., 1985). 

The suitability of GC/MS for the analysis of silylated sugars has been 
demonstrated previously, using-glass-packed columns (Sweeley et al., 19661. As 
a result of the present study, it is‘clear that GC/MS, involving only minimal 
work-up, may be used in the future as a simple and convenient means of demon- 
strating the types of sugars and polyols present in a given sweet plant of inter- 
est. It is also of note that, in the El mode, the major mass spectral fragment 
peaks detected for the standard compounds used in this investigation corre- 
sponded with data obtained by other groups (Sweeley et al., 1966; Kochetkov et 
al., 1968). Difficulties encountered in the detection of molecular peaks of sily- 
lated sugars using the EI mode were overcome by the use of CI mass spectro- 
metry. With ammonia as the reagent gas, saccharide and polyol mass spectra 
were found to exhibit prominent [M + 181’ and [M + l]t fragment peaks, 
respectively, as previously noted by Loenngren and Svensson (19741. 
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It may be pointed out that S. tinctoria was found to be devoid of any of the 
sweet dihydrochalcone glycosides previously isolated from three other species 
of this genus (Tanaka et al., 1980,1982). Nevertheless, it may be worthwhile to 
examine other members of this large genus of approximately 350 species (Willis 
and Airy Shaw, 19801 to see whether this class of sweet dihydrochalcone gluco- 
sides have any significance as a chemical marker in the infrageneric classifica- 
tion of S~plocos. 

Conclusions j 

An important consideration in the search for sweet-tasting compounds from 
plants as possible sucrose substitutes is the availability of information on the 
history of their use for human consumption, either in terms of their edibility or 
for their alleged medicinal uses. Such records may indicate the potential safety 
of the plants if used for sweetening purposes. Therefore, it is generally 
accepted that plants or their products taken orally during the course of human 
history are likely to be innocuous. All of the six plants selected for the present 
study had both a history of human consumption and possessed either a reputa- 
tion for sweetness in the literature or exhibited a sweet taste when collected in 
the field. Extracts derived from each of the plants studied did not exhibit any 
acute toxicity for mice or bacterial mutagenicity, thus confirming the probable 
safety of these species when consumed by local populations in their countries of 
origin as food, beverage, or medicinal ingredients. 

It is well known that many naturally occurring saccharides and polyols other 
than sucrose are sweet tasting (Kinghorn and Soejarto, 19861 and it may thus be 
concluded from this study that the sweet tastes of the samples examined of A. 
hispidum, B. salicifolia, H. d&is and I. spectabilis are due entirely to signifi- 
cant amounts of one or more monosaccharides, disaccharides and polyols, in 
each case. It can also be asserted that the concentration levels of sugars and 
polyols in a given plant part should be well over 5% w/w dry weight in order to 
impart a potent sweet sensation, given that the non-sweet S. tinctoria and the 
moderately sweet A. hispidum samples contained, respectively, 2.0°k, w/w and 
6.9% w/w sugars and polyols. Although the sweetness of most fruits is almost 
certainly due to such high concentrations of sugars, there are some known 
exceptions to this situation, as exemplified by the fruits of Thaumatococcus 
dankllii (Bennett) Benth. and Dioscoreophyllum cumminsii (Stapfl Diels, which 
are the source of the intensely sweet proteins thaumatin and monellin, respec- 
tively (Kinghorn and Soejarto, 1986, 19891. In addition, the sweetness of fruits 
may also result from the concomitant presence of both sugars and non-caloric 
intensely sweet compounds, such as in the case of T. grosvenorii (Table 11. 
Therefore, fruits should not be ignored as potential sources of plant-derived 
non-caloric and non-cariogenic potent sweet substances. 

In previous studies, we have demonstrated that the sweetness of certain 
plants may be attributed to high yields of widely distributed sweet phenylpro- 
panoids, such as trans-cinnamaldehyde (Hussain et al., 19861 and trans-anethole 



(Hussain et al., in press). Thus far, no plant has yet afforded botl 
propanoid and other intensely sweet constituents, although this is entirely p&z- 
sible in the future. When anethole is present in a plant part, the sweetness 
sensation may be accompanied by an anise-like smell, thereby facilitating the 
rapid detection of this sweet compound (Hussain et al., in press). However, 
there are no modulating sensory characteristics which may indicate whether 
the sweetness of a plant part is due to the presence of sugars rather than 
intensely sweet compounds. Therefore, when searching for high potency 
natural sweeteners, it is recommended that, even if sugars, polyols or 
phenylpropanoids are detected in a sweet plant part by GC/MS and other 
methods, appropriate laboratory investigations (extraction, fractionation, 
toxicity and mutagenicity studies, and compound identification) are conducted 
to determine conclusively whether or not intensely sweet plant constituents 
are also present. 
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High-Performance Liquid Chromatographic Analysis of the Major 
Sweet Principle of Lo Han Kuo Fruits 

Helena C. Makapugay, N. P. Dhammika Nanayakkara, Djaja D. Soejarto, and A. Douglas Kinghorn* 

An analytical high-performance liquid chromatographic (WLC) procedure has been developed for the 
triterpene glycoside mogroside V, the principal intensely sweet constituent of Lo Han Kuo fruits 
[T!rladiantha grosuenori (Swingle) C. Jeffrey]. Concentration levels of this compound in whole, dried 
fruits, originating from the People’s,Republic of China, were in the range 0.81-1.29% w!w. Highest 
mogroside V levels occurred in the endocarp of the fruits rather than in the peel or m the seeds. 

Thkxdiuntha grosuenori (Swingle) C. Jeffrey (formerly 
Momordica grosuenon’ Swingle) is a vine which is culti- 
vated by the Miao-tze people of Kwangsi Pmvince in the 
People’s Republic of China (Swingle, 1941; Jeffrey, 1979). 
The fruits of this plant, known to the Chinese as “Lo Han 
Kuol, are intensely sweet, and also find folklore use in the 
treatment of colds, sore throats, and stomach and inu&inal 
troubles (Swingle, 1941). Lee (1975) purified a sweet 
constituent from 7’. grosuenori fruits and estimated Its 
sweetness as being about 150 times that of sucrose. Re- 
cently, Takemoto et al. (1983a-c) have elucidated the 
structures of three sweet triterpene glycoside constituents 
of 2’. grosuenori, namely, mogroside V, the sweetest and 
most abundant such compound, and mogrosides IV and 
VI. Mogroside V has been assigned as the 3-0-[&D- 
glucopyranosyl (lo)-B-D-gl~copyoside]-24-0~[[8-D- 
&cOpyranoSyl (1-2)]-[~-D-~lUCOpyranosyl (l-6)]-8-D- 
glucopyranoside] of the aglycone mogrol [lOa-cucurbit-b 
ene-3B,lla,24(Ii),25-tetraol] (Takemoto et al., 1983b,c). 

We have studied mogroside V in the course of our re- 
search program on intensely sweet plant constituents with 
potential use as noncariogenic and noncaloric sucrose 
substitutes and wish to report here a me*hod for the HPLC 
assay of this compound. Concentration levels of mogroside 
V in various parts [whole, peel (exocarp and mesocarp), 
endocarp; seeds] of Lo Han Kuo fruits have been deter- 
mined. No previous analytical methods for any of the 2’. 
grosoenori fruit triterpene glycoside sweet constituents 
appear to have been published, although procedures have 
been reported for their isolation and purification (Tak- 
emote et al., 19’77,1978; Nippon Chemical Research K.K., 
1981a,b) and formulation in an aqueous sweetener mixture 
(Kamo et al., 1979). 

S~;r”Zfii:“::ENTAL pRo~“““P~E “1.2 -._I.- 

Plant Material. Fruits of Thladiantha grosuenori 
(Swingle) C. Jeffrey (Cucurbitaceae), purchased in both 
Hong Kong and Chicago, were identified by D.D.S. Both 
samples were obtained from plants grown in the People’s 
Republic of China. 

Isolation of Reference Mogroside V. Gram quantities 
of mogroside V were generated in the following manner. 
Powdered T. grosuenori fruits (2.75 kg) were percolated 
with methanol-water (4:1, 20 L), and the percolate was 
evaporated under reduced pressure at 55 ‘C to yield a 
brown gum (800 g). A portion (400 g) was adsorbed to 
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silica gel (Merck, Darmstadt, W Germany) (1 kg, 0.063-0.2 
mm), and loaded into a glasscolumn containing an ad- 
ditional 2.5 kg of silica gel. Separation was carried out by 
elution with mixtures of chloroform-methanol-water of 
increasing polarity. Since chloroform has been listed as 
a carcinogen by the Environmental Protection Agency, 
chromatographic separations using this solvent were car- 
ried out in waik-in fume hood. Elution with chloroform- 
methanol-water (30~81) afforded a series of fractions 
containing mogroside V, that were combined and dried to 
produce 22 g of a residue. Aliquots (2 g X 5) of this residue 
were purified in batch-wise fashion, by dissolution in water 
(10 mL) and passage through an ion-exchange column 
(Amberlite IRA-410 C.P., strongly basic, 200 g) (Mal- 
linckrodt Chemical Works, St Louis, MO) by elution with 
250 mL of water. On combining these eluates, partially 
purified mogroside V (5 g) was thereby obtained free from 
polar colored contaminants. Final purification of a portion 
of this material (3.6 g) was effected by isocratic elution over 
a gravity column containing silica gel (ZOO g) with chlo- 
roform-methanol-water (45:12:2). Altogether, 40 fractions 
(500 mL each) were collected, and when fractions 28 
through 34 were pooled and dried, 2.3 g of pure mogroside 
V was obtained as a powder? bap194-196’DC; [@n -16.3’ 
(c 1.6, H,O) [lit. mp 197-201 “C; [a]n -9.4“ (c 0.5, H,O) 
(Takemoto et al., 1983a)]. Purity of the isolate was in- 
dicated by its appearance as a single zone after TLC on 
silica gel GHLF (Analtech, Inc., Newark, DE), using as 
solvents chloroform-methanol-water (1O:lO:l) (RI 0.311, 
I-butanol-acetic acid-water (4:l:l) (RI 0.23), and l-buta- 
nol-ethyl acetate-Z-propanol-water (40:2&14:7) (R, 0.15). 
Visualization was effected after TLC with 60% w/v sul- 
furic acid (110 “C, 10 min), whereupon mogmside V ap- 
peared as a purple spot in daylight. The molecular weight 
of this isolate was determined as 1286 dalton by fast-atom 
bombardment mass spectrometry, a value which is con- 
sistent with the elemental composition (CssH,02029) of 
anhydrous mogroside V (Takemoto et al., 1983a). Con- 
firmation of this identification was made by hydrolysis of 
200 mg of mogroside V, dissolved in 200 mL of citric 
acid-disodium hydrogen phosphate buffer at pH 4, with 
20 mL of commercial pectinase (Corning Biosystems, 
Corning, N.Y.) at 37 “C for 140 h. On extraction into 
chloroform, workup, and crystallization from methanol, 
47 mg of mogrol was obtained: mp 120-122 “C; [alzn 
+65.0° (c 0.76, CHCl,). Anal. Found: C, 72.78; H. 10.48. 
CsOH,,OJ.H,O requires: C, 72.87; H, 10.93%. [Lit. mp 
118-119 “C; [a]“c +70.0° (MeOH), Cs0H6e01 (Takemoto 
et al., 1976)]. This hydrolyzate exhibited IR, ‘H SMR, 
and MS data that were closely comparable to literature 
data for mogrol (Takemoto et al., 1983b). 

HPLC Analysis. HPLC analysis was conducted with 
a Model 324 gradient liquid chromatograph (Beckman 
Instruments. Berkeley, CA) equipped with a 421 micro 

c ,985 American Chemical ?aDC+3’?” 
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processor controller, Model IOOA and 1lOA pumps, with 
an added sto@‘low valve, and a Model 210 sampie injector. 
A Model LC85 variable wavelength UV spectrometer with 
LC-75 Autocontrol (Perk&Elmer, Norwalk, CT) and an 
Altax C-RlA recorder (Shimadxu Seisakusho, Kyoto, Ja- 
pan) was also employed. Solvents used in this study were 
of HPLC grade and were degas& before use by filtration 
through an Ultipor NR 0.2 q filter (Rainin Instrument 
Co., Woburn, MA) by using a microfiltering apparatus 
(Sibata, Tokyo, Japan). 

The following oparating conditions were usad for HPLC 
analysis: column, Zorbax NH*, 25 cm X 4.6 mm id.; 
particle size, ‘7 rm (DuPont, Wilmington, DE); eluting 
solvent, acetonitrilewater (3:1, pH 5 with HsPO& flow- 
rate, 2 mL/mim wavelength of UV detector, 210 nm; 
pressure, 1200 psi; sensitivity setting, 0.04 a.u.f.s.; recorder 
chart speed, 10 mm/min; temperature, ambient. 

A Beer’s law curve was obtained from triplicate injec- 
tions of pure mogroside V, dissolved in acetonitrile-water 
(Ll), at levels of 2.0, 5.0, 10.0, 15.0, and 20.0 gg per in- 
jection. Peak height measurement was used and a linear 
regression equation was established. Mogroside V that 
eluted from the HPLC column was established as being 
pure after TLC analysis in the three solvent systems de- 
scribed previously. 

Extraction of Plant Material for HPLC. Dried, 
powdered fruits of T. grosuenoti (1.0 g) were suspended 
in water (20 mL), and heated at 45 OC for 4 h. The soluble 
portion was fdtered, the mart washed with water (10 mL), 
and the filtrates (30 mL) were combined. Further ex- 
traction of the mart with wa&GGs shown by analytical 
TLC to provide no additional mogroside V. TLC was 
carried out according to previously mentioned protocols. 
When chloroform-methanol-water (10:10:1) was used as 
solvent, a detection limit of 0.25 H of mogroside V was 
possible. The combined aqueous extract was washed with 
3 X 30 mL chloroform, and the chloroform layers back- 
washed with water (30 mL). The total aqueous extraction 
(60 mL) was then evaporated under reduced pressure at 
45 “C to a lo-mL volume. A 2-mL aliquot was then passed 
into a previously washed precolumn (7 cm x 5 mm, i.d.), 
packed with C,s Phase Bonded Hi-Flosil (Applied Science 
Laboratories, State College, PA), and polar impurities were 
removed by elution with 2 mL of water. An extract con- 
taining mogroside V was eluted from the precolumn with 
3 mL of acetonitrile-water (1:l) and was filtered for HPLC 
injection. 

Triplicate lo-pL injections of each sample extract ob- 
tained for T. grosuenoti whole fruit, peel, endocsrp (pulp), 
and seeds were made, and peak heights were measured. 
Data were compiled for two T. grosuenori samples that 
were available to this investigation. 

Recovery Experiments. Standard mogroside V (7.0 
mg) was added to 1.0 g of the exhausted mart from T 
grosuenori fruits by dissolution in 5 mL of water and 
evaporation of solvent under reduced pressure at 45 “C. 
The spiked mart was taken through the entire extraction 
procedure, the triplicate IO-pL portions of the resulting 
extract were injected into the HPLC column to determine 
the percent recovery of mogroside V by the presently de- 
scribed method. The recovery experiment was performed 
a total of three times. 

RESULTS AND DISCUSSION 

In Figure 1, en HPLC chromatogram of underivatized 
mogroside V is shown. A retention time of 6.9 min was 
obtained for this compound under the chromatographic 
conditions used. A linear calibration curve iy = 0.36 + 
0.361, correlation coefficient r = 0.99978) for peak height 
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Figure 1. HPLC chromategrams of (A) pure mogroside V and 
(B) mogroside V as a constituent of an aqueous extract of 
Thladiontho grosuenori whole fruit& purchased in Hong Kong. 
For operaring conditions, see text. 

against quantity injected was obtained for mogroside V 
over the range 2-20 g. The limit of detection at the 0.04 
au&. detector setting wss 2 gg, as determined by injecting 
decreasing volumes of a standard 1 mg/mL solution of 
mogroside V, until the signal-to-noise ratio was about 31. 

Although we found the isolation of mogroside V from 
T. grosuenoti fruits in completely pure form to require 
considerable attention, it may be seen from Figure 1 that 
adequate resolution of this compound from other polar 
constituents was achieved by using the HPLC me+hodo!ogJ 
described here, which involved comparatively little sample 
cleanup. After controlled experiments to determine the 
effectiveness of the extraction procedure, the recovery of 
a standard amount of mogroside V was determined as 
82%. The concentration levels of mogroside V in two 
samples of authenticated T. grosvenori fruits available to 
us were sample 1 (purchased in Hong Kong), whole fruits, 
1.29% w/w, peel, 1.26% w/w, endocarp, 1.56% w/w, seeds, 
0.24% w/w and sample 2 (purchased in Chicago), whole 
fruits,0.80% w/w, peel, 0.81% WIW, endocarp, 1.37% w/w, 
seeds, 0.51% w/w. Therefore, in both cases, the presence 
of this compound was observed at the highest concentra- 
tion levels in the endocarp, when compared with other 
parts of the fruit. Also, we have been able to confirm the 
statement of Lee (1975) that the rind (peel) as well as the 

, 



350 J. A@c. Fad Ctwm. 15.55. 33, 350-354 

pulp of Lo Han Kuo fruits contains a sweet principle. 
Takemoto and coworkers (1983a) have reported the 

isolation of two other sweet triterpene glycoside constitu- 
ents of T. grosuenori fruits in addition to mogroside V, 
namely, mogrosides N and VI, which have molecular 
weights of 1124 and 1448 d&on, respectively. While 
mogroside VI was found to occur in very small quantities, 
mogroside N was obtained in a yield almost as high as 
mogroside V (Takemoto et al., 1983a). During our work 
on T. grosvenori fruits, we have not observed by analytical 
TLC or HPLC either mognxide N or any sweet triterpene 
glycoside less polar than mogroside V. However, since 
mogrosides N and V are clearly separable by reversed- 
phase HPLC, in which a 25 cm X 4 mm Nucleocil Cis 
column was eluted with 4290 ethanol (Takemota et al., 
1983a), it is not expected that signiticant amounts of 
mogroside N in T. grosvenori samples will affect the v.s- 
lidity of the present HPLC assay for mogroside V. 

In other work performed in this laboratory on mogroside 
V, this compound has been shown to be nonmutagenic and 
to produce no mortality in acute toxicity experiments on 
mice at doses up to 2 g/kg body weight and to exhibit an 
equivalent mohu sweetness intensity to the ent-kaurene 
glycoside, stevioside, when tested against a standard su- 
crose solution by a human taste panel (Kinghorn et al., 
1935, unpubhshed results). These attributes, coupled with 
the high mogroside V levels in dried T. groscenori fruits 
that are reported here, could serve to stimulate further 
study as to the suitability of extracts of the fruit of this 
plant and its constituents as alternative high-intensity 
sweeteners. It has been suggested already that T. gros- 
uenori may be a suitable species for introduction into the 
United States (Swingle, 1941). 
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Changes in the Polypeptide Composition of Peanut (Arachis hypogaea 
L.) Seed during Oil Roasting 

She&h M. Basha* and Clyde T. Young 

Free amino acids and sugars, released during roasting, are known to be major flavor precursors in roasted 
peanuts and they give rise I_ r +* -yrtine compoxxls via MiIlsrd sugar-amine type reaction. In order to 
identify the protein/poIypeptide source of these amino acids, peanut (Arachis hypogaea L.) seeds of 
Virginia, Runner, and Spanish market types were roasted in peanut oil for O-12 min and protein was 
extracted and examined by gel filtration and gel electrophoresis. Gel filtration studies indicated that 
roasting caused a decrease in the methionine-rich proteins and aggregation of arachin proteins. Gel 
electrophoresis studies also showed a decrease in the methionine-rich protein and their poiypeptides. 
In addition, a polypeptide with a moiecular weight of 70000 also gradually decreased during roasting. 
In contrast, the protein and polypeptide composition of amchin remained relatively unchanged during 
the 12min roasting period. It is suggested that the polypeptide/s of methionine-rich protein may be 
involved in the formation of pyrazine compounds. 

- 

The sugar-amine nonenzvmatic browning reaction has 
been shown to be involved-in roasted peanut flavor for- 

Peanut Research Laboratory. Division of Agricultural 
Sciences, Florida .A&hI Cniversity. Tallahassee, Florida 
32307 (S.M.B.) and Department of Food Science, North 
Carolina University. Raleigh, North Carolina (C.T.1’). 

mation (Pickett and Holley, 1952: Newell et al., 1967; 
Mason et al., 1969). Free amino acids and free sugars 
which are released during roasting are known to be major 
flavor precursors in roasted peanuts (Newell et al., 1967) 
and they give rise to pyrazine compounds via Millard 
sugar-amine type reaction (Mason et al., 1967; Johnson 
et al., 1971: Walradt et al., 1971). Koehler et al. (1969) 
investigated the pathway for the formation of alkylated 
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Stimulation of the Gerbil’s Gustatory Receptors by Some Potently Sweet 
Terpenoidst 

Enrique Vasquez and William Jakinovich, Jr. 

Department of Biological Sciences, Lehman College and the Graduate School, City University of New York, 
Bronx, New York 10468 

N. P. Dhammika Nanayakkara, Raouf A. Hussain, Myung-Sook Chung, and A. Douglas Kinghorn’ 

Program for Collaborative Research in the Pharmaceutical Sciences, College of Pharmacy, 
University of Illinois at Chicago, Chicago, Illinois 60612 

The gerbil was investigated as a model for sweet taste among several highly sweet plant terpenoids and 
the sweet dihydroisocomnarin phyllodulcin. Although the gerbil’s chorda tympani nerve did not respond 
in electrophysiological experiments to rebaudioaides B and C, steviolbioside, and phyllodulcin. 
concentration-response curves were obtained for the stimulatory sweeteners hernandulcin, mogroaide 
V, periandrin III, rebaudioside A, and stevioside. These compounds were more effective stimuli in the 
gerbil than sucrose, in the following order of potency: rebaudioside A = stevioside = periandrin III > 
hernandulcin > mogroside V > sucrose. In conditioned-taste aversion studies, gerbils trained to avoid 
these five stimulatory compounds generalized an avoidance to sucrose but not to hydrochloric acid, and 
except for the perception of a concomitant salty taste, our data show that these substences taste like 
sucrose to gerbils, as in humans. Support is thus provided for the potential involvement of this 
methodology to guide the purification of natural sweeteners from plant extracts. 

There is an increasinginterest in highly sweet nonnu- 
tritive and noncariogenic natural sweeteners, and over 50 
such substances in more than 15 structural classes are 
biosynthesized by members of the plant kingdom (King- 
horn and Soejarto, 1986, 1989). Several sweet plant 
constituents, in either pure or partially purified form, are 
used commercially as sucrose substitutes in Japan, in- 
cluding the terpenoid glycosides glycyrrhiziri, mogroside 
V, stevioside, andrebaudioside A, thedihydroiocoumarin 
phyllodulcin, and the protein thaumatin (Ishikawa et al., 
1991; Kinghorn and Compadre, 1991). In addition, 
semisyntheticcompoundsbasedonplantconstituentssuch 
as neohesperidin dihydrochalcone and perillartine are 
approved sweeteners in a number of countries (Horowitz 
and Gentili, 1991; Kinghom and Compadre, 1991). 

Nowlis et al., 1980; Pritchard and Scott, 1982; Smith and 
Theodore, 1984; Spector and-Grill, 1988; Steward and 
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Krafczek, 1988;Thomesenet al., 1988). Accordingly, using 
sweet compounds found to stimulate the gerbil’s chorda 
tympani nerve in electrophysiological experiments, the 
majority of such substances were found to resemble sucrose 
in behavioral experiments using the Mongolian gerbil. 
However, some of these sweet substances were not avoided 
by animals trained to avoid sucrose, so it cannot be assumed 
that all compounds that are “sweet” to man are ‘sweet” 
to the gerbil (Jakinovich, 1981, 1982a,b). 

Inelectrophysiologicalgustatoryexperiments using the 
‘Mongolian gerbil, many different classes of naturally 
occurring andsynthetic sweet compounds have beenshown 
to stimulate the animal’s taste nerve, including sweet 
monosaccharides, disaccharides, and polyols, as well as 
more potently sweet substances such as ctilorosucrose, 
L-cyanosuccinanilic acid, dulcin, sodium saccharin, stevi- 
oside,and6-chloro-n-tryptopha (Jakinovich, 1976,1981; 
Jakinovich and Goldstein, 1976; Jekinovich and Oakley, 
1976). Furthermore, the behavioral conditioned aversion 
technique has proven to be successful in rodent studies to 
identify the taste qualities of many compounds, such as 
alcohols, amino acids, aspartame, sodium saccharin, and 
sugars (Garcia et al., 1974; Hemeas and Pfaffmann, 1986; 
Jakinovich, 1981,1982; Kasahara et al., 1987; Kiefer and 
Lawrence, 1988; Myers et al., 1989; Nachman and Cole, 
1971; Ninomiyaet al., 1984; Nissenbaum and Scafani, 1987: 

+ This work was supported. in part, by Contract NOl- 
DE-02425 and Grants R03-DE-07560-01 and ROl-DE- 
08937 of NIDR, NIH (awarded to A.D.K.). Grant ROl- 
NS2538-01 of the National Institute NINCDS, NIH, and 
Grant S06-RR08225 of MBRS, NIH (awarded to W.J.). 

In an ongoing program to discover novel highly sweet 
natural products (Kaneda et al., 1992), it has been our 
practice to subject extracts of sweet-tasting plants to acute 
toxicity tests in mice and bacterial mutagenicity testing, 
prior to evaluation for sweetness by human participants. 
To investigate the possibility of circumventing such a costly 
and rather inconvenient safety procedure, we have found 
that a combination of gerbi1 electrophysioiogical and 
conditioned taste aversion experiments could be used in 
a generally reliable fashion to detect the presence or 
absence of sweet-tasting terpenoid glycosides in extracts 
of. different polarities of three well-known sweet-tasting 
p!ar,ts, nanely, Abrus p,recatorius. Steoia rebaudiana, 
and Thladianthagrosvenon’i (Jakinovichet aL, 199O).The 
present study extends our previous effort by investigating 
theeffecton thegerbil’sreceptorsofseveralofthepurified 
sweet-tasting diterpene constituents of S. rebaudiana 
(rebaudiosides A-C, stevioside, steviolbioside) (Kinghorn 
andSoejar@, 1986;Tanaka, 1982)and themajortriterpene 
glycoside sweet principle of T. grosvenorii (mogroside Vl 
(Takemoto et al., 1983). In addition, several other pure 
plant-derived sweeteners have been evaluated in the gerbil 
model: hernandulcin, a sesquiterpene constituent from 
Lippic d&is (Cornpadre et al.. 1985); periandrin III, a 
triterpene glycoside from Periandra d&is (Hashimoto 
et al., 1982); and phyllodulcin, a dihydroisocoumarin 
obtained from the crushed or fermented leaves of Hy- 
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drangea macrophyllo var. Thunbergii (Arakawa and 
Nakazaki,1959;KinghornandSoajarto, 1986). Sincemany 
of these potent natural sweeteners ware observed in the 
present study to stimulate the gerbil’s chorda tympani 
nerve and to taste like sucrose in behavioral experiments, 
further support haa been obtained for the inclusion of 
experiments on the gerbil in the fractionation of sweet- 
tasting planta, thereby partially offsetting the need for 
human volunteer subjecta. 

MATERIALS AND METHODS 

General Procedure% Melting points were determined on a 
Kofler hot-stage instrument end are uncorrected. Optical 
rotations, W, IR, ‘H NMR, ‘9c NMR, and low-resolution mass 
spectrometry were performed aa described previously (Kaneda 
et al., 1992). Analytical TLC was carried out on Merck silica gel 
Gplates,withW)~thiekleyers,whichwerevisualizedinshort- 
w&e W light and/or after ipraying with 60% w/v H&O, and 
heath? at 110 ‘C for 10 min.‘ Where suitable. HPLC analveis 
wa8 p&formed to further verify purity (MakapUgay et al., 1984, 
1985; Cornpadre et al. 1987). 

Test Compounds. Hemandulcin (1) was synthesized in the 
racemic form by direct&aldol condensation from 3-methyl-2- 
cyclohexen-l-one and 6 methyl-5-hepten-2-one and purified as 
previouslv described. This conmound was indistinmishable 
&ctros&pically and chromat&aphicaily from its Naturally 
occorring (+) form, @.CQ’S)-hernandulcin (Cornpadre et al., 1985, 
1987). Mogroside V (2) was purified from Lo Han Kuo fruits [T. 
grosuenorii (Shingle) C. Jeffrey; recently renamed Siroitia 
grosuenorii (Sxvin&t C. Jeffrey] (Kinghorn and Cornpadre, 1991) 
and characterized as described previously (Makapugay et al., 
1985). The trisodium salt of periandrin III (3) was generously 
donated by Yamasa Shoyu Co., Ltd. (Choai, Chiba. Japan) and, 
after conversion to the parent compound and workup, exhibited 
physical and spectroscopic data identical to published values for 
periandrin III (3) (Hashimoto et al., 1982). 

The dihydroisoco-in, phyllodulcin (4). ~88 isolated from 
the cruhed leaves of H. macrophylla Seringe var. Thunbergii 
(Siebold) Makiio, kindly suppliedbythe late Prof. T. Takemoto. 
An initial methanol-water (4:l) extract was prepared from the 
dried milled plant material (7 kg) from which the solvent was 
removed. On sospenaion in water end partitioning with ethyl 
acetate, the ethyl acetate residue (350 g) ~88 puriried by gravity 
column chromatography over silica gel (I&rck, D&&tad;, 
Germanv), and uhyllodulcin was eluted with z&urea of Detro- 
leum etlk-chldro~orm in proportions of 13~7 and 1:l. Isolated 
phyllodulcin (4,90 g, 1.28% w/w) was recryataUixed as white 
needlesfromchloroform-petroleumether[mp11~119DC. [aI% 
+80.5O (c 2.9, CHCL) [lit. mp 119-121 ‘C; I#+, +70.7-80.S” (c 
1.02, Me&O)] (Arakawa and Nakazaki, 1959)l and exhibited 
spectroscopic data closely comparable to published values for 
thin compound (Suzuki et al., 1978). The identity of 4 as 
phyllodulcin wan confirmed by direct comparison (mmp, EI- 
MS, ‘H NMR, co-TLC) to a reference sample kindly supplied by 
Prof. M. Yamamoto. 

RebaudiosideA (5),rebaudioside C (7),andstevioside (9) were 
isolated and characterized from S. rebaudiano (Bertoni) Bert& 
leaves. as described previously. Rebaudimide B (6) and stevi- 
olbioside (8) were obtained from comoounds5 and 9. resoectivelv. 
byalkaline hydrolysis. Alltiveof thesesweetditerpeneglyeosidff 
exhibited physical and spectroscopic data consistent with lit- 
erature valuea (Makapugay et al., 1984). 

Prior to being used in the present study, all compounds were 
tested for purity by anal>zical TLC and/or HPLC. The stmctures 
of teet compounds 1-9 are show-o in Figure 1. 

Experimental Animals. Mongolian gerbils (Meriones un- 
guiculatw) were obtained from Tumblebrook Farms. West 
Brwtield, MA. For eleczrophysiological experimenta, male and 
female animals. and were iess than 1 year old and weighing ~70 
g,wereused. Forbehavioraiexperiments,maiegerbilsaged7-12 
week6 were utilized and were 5@-60 g in weight. 

Methods. ElectrophsioiogicaI Methods. (n) Anesthetic. 
Gerbils were injected airb ketamine 85 the primary anesthetic 
because it produces corrpiete anesthesia in 5-10 min. The 
ketamine (100 mgmL) WE mjected at a dose of 330 mg!kg into 
thegerbil’s thighmuscle. Iiananimairequiredfunberanesrhetic 

V 

8 H p.g!&p.gk 

9 03~ P!3k%P3k 

Figure 1. Chemical structures of the highly sweet terpenoids 
(l-3, 5-9) and the dibydroisocoumarin (4) investigated in this 
study. Sugar units: B-glc = B-D-glucopyranosyi; B-glcA = B-D- 
glucuronopyranosyl; a-rha = a-L-rhamnopyranosyl. 

during the experiment, sodium pentobarbital (5 mg/mL; 0.15 
mL) injected intreperitoneally WVBS employed (Somenerain and 
Jakiiovich, 1990). 

(b) Electrophysrology. Each animal wu88 secured to a head- 
holder (Oakley and Schaffer. 1978) which immobilized the skull. 
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stlrnulatbn at Gustatcfy Recaptus 

Tbe method for exposing and recording from the intact chorda 
tvmoani nerve has been rewrted in det&i (Somenerain and 
&&ovich, 1990). . 

(c) Stimulation. Chemical stimulation of the tongue was 
effected by a gravity-flow funnel-tubing system through which 
deionized water flowed continuously (0.13-0.17 t&s). Test 
solutions (2-4 mL) were alternated with water without inter- 
option of the flow. The temperatures of the water and the taste 
solutions were identical, 25 i 1 “C. Each compound was tested 
twice, before and after a standard. Whenever the standard 
solution elicited responses differing by more than 15%, all 
intejacent responses were rejected. 

(d) Taste Solutions. All compounds were dissolved in deion- 
ized tap water (>l megohm). aen not used immediately, the 
sweetener solutions were stored in frozen form or at 2 “C for later 
use, when they were brought to room temperature. 

(e) Mixtures. Todetermineifnonstimulatingsweetene~ were 
interacting with the sweetener taste receptor sites, responses to 
mixtures of sucrose and a nonstimulating sweetener and of 
rebaudioside A and a nonstimulating sweetener were compared 
to responses to sucroaa and rebaudioaide A (Jakinovich, 1981, 
1983; Vlahopoulos and Jakinovich, 1988). 

Behavioral Methods. (a) General Scope of Study. This 
behavior study comprised two sets of experiments, with the first 
to determine how the eerbils ~rceived tbe taste of momoside V 
(2, 0.001 M) and st.&oside’(9, 0.002 M). The second set of 
experimenta dealt with the perception of the taste by the gerbil 
ofhernandulcin (LO.01 M~.oeriar&inIII(3.~odiumsalt) (0.003 
M), and rebaudikide A (6; b.002 M). The concentrations used 
were the CRm’s (concentrations that produced half-maximal 
responses), aa determined from the appropriate electrophoretic 
concentration-response curve, or else the maximum solubility 
obtain&in water. 

(b) Conditioned 7’nste .&sion. The following training 
procedures were used in alI experiments: 

(I) Waterlntoke Training. bnedayafter arrival, the animals 
were housed in individual plastic cages with wwd chip bedding, 
rather than in individual wire-bottom cages, to avoid health 
problems (Jakiiovich, 1981,1982; Jakinovichet al.. 1990; Myers 
et al., 1989). Two days later, all test animals were placed on a 
drinking schedule whereby they received deionized water twice 
daily (from 09~00 to lo:00 a.m. and from 3:oO to 4~00 pm.). 
Animals were fed Purina Rat Chow (Ralston Purina Co.) ad 
libitum. 

-(2) Conditioned Auoidance Training. After Gdays of the water . . . . 
_ &raining, the ammals were randomly drnded mto three groups 

of 12 each. with the fit zroun trained to avoid mogroside V (2, 
L- 9.001 M), &second group tr&ed to avoid stevio;de (9,0.002 

M);md a contiol group trained to avoid water. The mogroside 
.- -v-(OYOOl -Ml and stevioside (0.002 M) solutions were used as 
= _ I -6mditioning solutions in the following manner: On the Friday of 

. each-of t&consecutive weeks, during the usual morning drinking 
. . I p&o&one group of gerbiis was offered a drinking bottle 
: _ - c~qt&dhi~~&ogfoside V, one group was offered stevioside, and 

the ttidgroup, acting as mntrol, received only water. These 
... T. solutions were offered for 15 min during the morning watering 

.p&iod. When each animal finished drinking, its drinking tube 
_ w agabi placed in its mouth, leaving a few drops behind, and, 

immediately after that, the gerbil wm injected with LiCl(0.3 M) 
atl% ofitabod> weight. ShortlyafLerth&injectiona,rbeanimals 
showed!ethar~c.appearanceswhichlastedforseveralhours.This 

: entire avoidance training procedure, as described above, was 
repeated on the following Friday, and on the Friday of each 
consecutive week. 

(3) Conditioned Aooidance Testing. On the Monday of the 
third week, having allowed 2 days for the animals to recuperate, 
half of the animals in each moup were offered water bottles 
containing sucrose (0.03 M),whileihe other half received bottles 
containing NaCl solution (0.01 M). Then, the following morning 
the animals received these two solutions in reverse order. On 
Wednesday and Thursday, the above procedure wss repeated. 
Measurements of the amounts of particular fluids consumed were 
made by weighing the drinking bottles immediately after each 
animal stopped drinking. During the afternoon drinking period, 
ail animals received only deionized water. 

On the Monday of the fourth week, 50 % of the animals in each 
group were offered water bottles containing HCI (0.01 M). while 
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Figure 2. Integrated neural discharge from the gerbil’s chorda 
tyrnpani nerve in response to various concentrations (log scale) 
of purified rehaudioside A (A), Nutrilita stevioside (impure 
commercialsource) (0). purified stmioside fa ), and sucrose (0). 
The CRsa’s are shown. Bars indicate IQSE; N for sucroaa = 14, 
N for purified stevioside = 5, and N for rebaudioside A = 8. 

the other half received bottles of quiniie hydrochloride solution 
(0.001 M). Next, on the following morning, the animals received 
those solutions in rsverse order. On Wednesday and Thursday, 
the above procedure was repeated. 

To strengthen and reinforce the aversion, the entire condi- 
tioning and testing was repeated. The entire above-indicated 
behavioralprocedurewasrepeatedwithsolutionsofhemandulcin 
(I, 0.01 M), periandrin lII (3. sodium salt, 0.003 M), and 
rebaudioside A (5, 0.002 M). 

(c) Statistics. One-way analyses of variance (ANOVA) were 
annlied to the behavioral results. When sienificant diierences 
wereobserved,pairwise analyses (t-test) weri perfonnedbetween 
the control and experimental groups (see Results). 

RESULTS 

No Electrophysiological Responses. The following 
compounds didnot produce responses in the gerbii’s chorda 
tympani nerve at the concentrations used: phyIlodulcin 
(4). rebaudioside B (6), rebaudioside C (i’), and steviol- 
bioside (8). Their maximum solubility in water ranged 
from 1 X 10s3 to 5 x lO+ M. 

Electrophysiologicai Responses-Concentration- 
Response Curves Determined. Hernandulcin (I), mo- 
groside V (2). periandrin III (3, sodium salt), rebaudioside 
A (5), and stevioside (9) produced responses in the gerbil’s 
chorda tympani nerve. The maximum solubility of the 
compounds in water was around 0.01 M, which was lower 
than that of sucrose in all cases. Responses to two 
compounds, rebaudioside A and stevioside, that produced 
concentration-response curves with a shapesimilar to that 
of sucrose, are shown in Figure 2. These concentration 
curves exhibited a sigmoidal shape with a maximum 
response (R& evident, which is a characteristic of a 
normal neural sweetener tas+~ response (Jekinovich and 
Sugarman, 1989). The I?,. values of rebaudioside A and 
stevioside were 0.4 (sucrose R,, 1.0). The previously 
published concentration-response curve of stevioaide 
obtained from a commercial source (Nutrilite Products 
Inc., Buena Park, CA) is included in Figure 2 for 
comparisonpurposes(Jakinovich,1981). SinceR,values 
were determined, CR- data could be used as one measure 
of potency (Jakinovich, 19’76). and the results obtained 
were rebaudioside A CR% = 0.001 M, stevioside CRso = 
0.001 M, and sucroee CRS, = 0.06 M. Another measure of 
potency, the& value (dissociation constant, representing 
the efficacy of the sweet compounds) (Biedler, 19543, was 
determined for three sweeteners using the reciprocal plot, 
asexpressed in Figure 3 (sucrose, 0.07 M; stevioside,0.0013 
M,rebaudiosideA.O.O014 M). A third measureofpotency, 
threshold value, was determined directly from Figure 2 



1303 J. A@ic Foodchem., Vol. 41. No. 3. 1993 

C/R 

0 04 I B 

-000~ so30 cocz c 03: : CJ5 ;oio 
Concentration (11) 

FigureS. (A)Reciprocalplotofgerbilintegratedchordatympani 
nerve responses to sucrose (sue. 0). (B) Reciprocal plot of gerbil 
integrated chorda tympani nerve responses to rebaudioside A 
(rebA, 0) and stevioside (stev, 0). C = concentration, R = 
response, slope = l/R,, &/R, = y intercept, and -Kd = x 
intercept. 

Figu-e 4. Intzpated neural discharge from the gerbil’s chords 
tympani nerve in response to various concentrations (log scale) 
of hemandulcin (~1. mogroside V (01, p&an&in III &&nn 
salt) (o), and sucrose (a). Bars indicate *2SE: 9 for sucrose = 
14, N for hemandulcin = 5, N for mogroside V = 6. and N for 
perisndrin III (sodium salt) = 5. 

(sucrose, 0.003 M; stevioside, 0.0001 M; rebaudioside A, 
0.0001 Ml. 

We were unable to obtain complete sigmoidally shaped 
(with R& concentration-response cures for three com- 
pounds, hernandulcin (11, mogroside V (21, and periandrin 
III (3; sodium salt1 (Figure 4). However, since the Rmax’s 
were not present, the potency of each compound was 
determined from its Rd in the reciprocal plot (Figure 5) 
(Beidler, 19541, with the following values obtained: pe- 
riandrin III, sodium salt, K4 = 0.0006 M; mogroside V, I(d 
= 0.093 M; hernandulcin, & = 0.002 M. Tlxesholds were 
determined from Figure 4: periandrin III (sodium salt) 
threshold, 0.0001 M: mogroside V threshoid. 0.0001 M; 
and hernandulcin threshold, 0.0003 M. 

-- 

0 00 
-0005 3000 0005 0.010 0015 

Concentration (M) 
Figure 5. Reciprocal plot of gerbil integrated chorda tympani 
nerve responses to hemandulcin (hem, A.)! mogroside V (mogro, 
l ), and periandrin III (sodium salt) (pen, 0). 

Mixtures. The taste responses to sucrose or rebau- 
dioside A were not influenced by the presence of a 
nonstimulating sweetener. 

Behavioral Responses. In all cases, gerbils trained to 
avoid an intense natural sweetener consumed significsntly 
less sucrose (0.03 M) than water (Table I). Concerning 
saltiness, gerbils trained to avoid hernandulcin, rebau- 
dioside A, and periandrin III (sodium salt) consumed 
significantly less N&l (0.01 Ml than water. For sourness, 
intakes of HCl (0.01 M) by all trained gerbils were no 
differentfromwater. Finally, for bitterness, gerbils trained 
to avoid mogroside V, hernandulcin, rebaudioside A, and 
periandrin III (sodium salt) consumed significantly less 
quinine hydrochloride (0.001 Ml than water. 

DISCUSSION 

In the present gerbil electrophysiological investigation, 
the CRW in the standard sucrose concentration-response 
curve was 0.06 M, which is in general agreement with our 
past gerbil studies in which the sucrose CRw values ranged 
from 0.015 to 0.05 M (Somenerain and J&no&h, 1990). 
Another consistency was that the sucrose concentration- 
response curve was sigmoidally shaped and reached an 
R,, (Figure 2). However, it was found in this study that 
the plant-derived sweeteners phyllodulcin (41, rebaudi- 
osides B and C (6, 71, and steviolbioside (8) did not 
stimulate the gerbil’s chorda tympani nerve in electro- 
physiological experiments (Table II). These observations 
are consistent with our previous gerbi! study in which it 
was discerned that a lack of response in this regard was 
evident with the following natural and artificial potently 
sweet compounds: aspartame, beryllium acetate, furan 
acrylonitrile, 4-(methoxymethyl)-1,4-cyclohexadiene-l- 
cxboxaldehyde syn-oxime, monellin, 5-nitro-2-propoxy- 
.&line, and perillartine (Jakinovich, 1981). 

The electrophysiological concentration-response curves 
of the purified stevioside (9) and rebaudioside A (5) used 
in this investigation were also sigmoidally shaped and 
reached an R -of 0.4 (Figure 2). The CR% of both these 
compounds was 0.001 M. The concentration-response 
curve of our previouslv published work using a commer- 
cially available stevioside sample is anomalous because it 
did not reach an R, and was not sigmoidal (Jakinovich, 
19811. This distortion is probably due to the presence of 
unspecified impurities. which are also thought to be 
responsible for distorted concentration-response curves 
in the gerbil’s chorda tympani nerve responses reported 
for methyl B-D-galactopyranoside (Jakinovich, 19851 or in 
human psychophysics studies for D-ribitol (Jakinovich and 
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Table I. Amouote (lillilitun i Stan&d Error) of Teat and Control Solutiosr Conmmed by Gerbils Trained To Avoid 
Highly Sweet Plant-Derived Conmtitusnta 

teat solution 

conditioning solution 

mogroaide V (0.001 MI 
at&aside (0.02 M) 

o.cxl1 M quinine 
0.03 M suerow 0.1 M N&l 0.01 M HCI hydrochloride 

0.66 * 0.210 3.19 i 0.27 1.22 * 0.22 O.MI 0.18 . 
0.39 * 0.06” 3.32 f 0.31 1.06 f 0.17 1.01 f 0.21 
2.07 f 0.29 

water-NaCl 
wate~HC1 
waterquinine hydrochloride 

hernandulti (0.01 M) 
rebaudiaside A (0.02 Ml 
periaodrin III (sodium salt) (0.003 M) 

watersucrose 
waterNaC1 
waterHC1 
waterquinine hydrochloride 

4 Siir’icant difference. p > 0.01; N = 12. 

2.-n+ 0.18 
1.63 f 0.07 

1.23 h 0.12 
0.95 f 0.22 1.52 i 0.3Ep 1.6 f 0.38 0.16 f 0.178 
0.21 l 0.01’ 1.05 f 0.31” 1.1 l 0.16 0.89 f 0.23n 
1.14 f 0.27 1.12 f 0.340 1.6 f 0.31 0.90 + 0.19 
1.81 IO.16 

2.38 f 0.38 
1.85 l 0.25 

1.59 It 0.18 

Table II. C&&ii Electmphysiologieal Responses to Stimulatory Plant-Derived Sweeteners~ 

compound threshold, M &, M 
SUCKS 0.003 0.07 
mogroeide V 0.0001 0.002 
hernaudulcin 0.0003 0.003 
periandrin III @odium salt) 0.0001 0.0006 
rebaudioaide A O.#lOl 0.0036 
stevioside 0.0001 0.0005 

C&o, M humang (X suerwe) 
0.06 

i-iz 

3; 

1.500 
NDd 80 
0.001 240 
0.001 140 

ref 

Beck (1974) 
Takemoto et al. WX3) 
Cornpadre et al. (1985) 
Kiihom and Soejarto (1986) 
wet al. (19811 
Kawi et al. (1981) 

Sugarman, 1989). The reduced R,‘s observed in the 
stevioside and rebaudioside A concentration-response 
curves when compared to that of sucrose suggested that 
stevioside and rebaudioside A either are partial agonists 
at the receptor site or else bind at a different receptor site 
from sucrose (Ariens et al., 1984). Complete concentra- 
tion-response curves were not obtained for mogroside V 
(21, periandrin III (3; used as the sodium salt), and 
hernandulcin (1). In spite of this, it was possible to rank 
the potency of these sweeteners as gustatory stimuli in 
the gerbil on the basis of their determined Kd values in 
the following order of decreasing magnitude: rebaudioside 
A = stevioside = periandrin III (sodium salt) > heman- 
dulcin > mogroside V > sucrose (Table ID. A similar 
ranking list of potency was obtained by considering 
threshold and CRX, values. 

The results of the behavioral experiments showed that 
the gerbil’s taste responses to hernandulcin, mogroside V, 
periandrin III (sodium salt), rebaudioside A, and stevioside 
resemble their effects in humans. To the human, repre- 
sentatives of these highly sweet natural sweeteners, for 
which hedonic data have been reported, have been found 
to taste either sweet (resembling the taste of sucrose) or 
sweet-bitter (resembling the taste of sucrose and quinine) 
(Compadre et al., 1985; Schiffmsn et al., 1979). In the 
human, sll five of these natural sweeteners are sweeter 
than sucrose, in the following order of potency of sweetness 
intensity: hernendulcin > mogroside A > rebaudioside A 
> stevioside > periandrin III > sucrose (Table II) 
(Compadre et al, 1985; Kasai et al., 1981; Kinghorn and 
Soejarto, 1988; Takemoto et al., 1983). When the two ent- 
kaurene glycoside sweeteners in this group of stimulatory 
compounds are considered structurally, rebaudioside A 
possesses one more glucopyranosyl moiety in its C-13 
affixed saccharide unit than stevioside, which accordingly 
confers greater sweetness and more pleasant hedonic 
attributes for humans. However, the sweetness potency 
of rebaudioside A is greatly diminished in human subjects 
either by removal of the glucose attached to C-19 or by 

substitution of a glucose moiety by rhamnose in the C-13 
sugar unit, as in rebaudiosides B and C, respectively 
(Kinghom and Soejarto, 1986; Tanaka, 19821. 

In conclusion, a combination of two well-established 
gerbil electrophysiological and behavioral assays has been 
applied to a structurally diverse group of terpenoids that 
are highly sweet to humans, constituted by the bisabolane 
sesquiterpene hemandulcin, the cucurbitane triterpene 
glycoside mogroside V, the oleanane-type triterpene 
glycoside periandrin III, and the ent-kaurene-type diter- 
pene glycosides rebaudioside A and stevioside. It is 
significant that the most abundant sweet constituents of 
T. gmsuenorii fruits (mogroside V) and S. rebaudiana 
leaves (stevioside and rebaudioside A) have been found to 
stimulate the gerbil’s taste receptors in this study, since 
we have earlier shown that extracts containing these 
compoundsslsogavepositivedata(JakinovichetaL,19901. 
Although these gerbil assays do not respond to all classes 
of compounds perceived as sweet by humans, they do seem 
to have validity for evaluating sweet-tasting terpenoids of 
plant origin. 
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- 
High-Performance Liquid Chromatographic Analysis of the Major 
Sweet Principle of Lo Han Kuo Fruits 

Helena C. Makapugay, N. P. Dhammika Nanayakkara, Djaja D. Soejarto, and A. Douglas Kinghorn” 

An analytical high-performance liquid chromatographic (HPLC) procedure has been developed for the 
triterpene glycoside mogroside V, the principal intensely sweet constituent of Lo Han Kuo fruits 
[Z’hladiantha grosvenori (Swingle) C. Jeffrey]. Concentration levels of this compound in whole, dried 
fruits, originating from the People’s,Republic of China, were in the range 0.81-1.29% w/w. Highest 
mogroside V levels o-ed in the endocarp of the fruits rather than in the peel or in the seeds. 

Thhdiantka grosvenori (Swingle) C. Jeffrey (formerly 
Momordicn grosuenon’ Swingle) is a vine which is culti- 
vated by the Miao-tze people of Kwangsi Province in the 
People’s Republic of China (Swingle, 1941; Jeffrey, 1979). 
The fruits of this plant, known to the Chinese as “Lo Han 
Kuo:, are intensely sweet, and also find folklore use in the 
treatment of colds, sore throata, and stomach and intestinal 
troubles (Swingle, 1941). Lee (1975) purified a sweet 
constituent from T. grosoenori fruits and estimated its 
sweetness as being about 150 times that of sucrose. Re- 
cently, Takemoto et al. (1983a-c) have elucidated the 
structures of three sweet tritarpene glycoside constituents 
qf T. grosuenori, namely, mogroside V, the sweetest and 
most abundant such compound, and mogrosides IV and 
VI. Mogroside V has been assigned as the 3-O-1,9-~- 
glucopyranosyl (lo)-8-Dgl~copyranosidel-24-O-[[8-D- 
ghXop~~OSyl (1-2)]-[8-D-glucopyranosyl (l-6)]-P-D- 
glucopyranoside] of the aglycone mogrol [lOa-cucurbit-5- 
ene-3&11o,24(R),25-tetraol] (Takemoto et al., 1983b,c). 

We have studied mogroside V in the course of our re- 
search program on intensely sweet plant constituents with 
potential use as noncariogenic and noncaloric sucrose 
substitutes and wish to report here a me’thod for the HPLC 
assay of this compound. Concentration levels of mogroside 
V in various parts [whole, peel (exocarp and mesocarp), 
endocarp; seeds] of Lo Han Kuo fruits have been det-er- 
mined. No previous analytical methods for any of the T. 
grosvenori fruit tritarpene glycoside sweet constituents 
appear to have been published, although procedures have 
been reported for their isolation and purification (Tak- 
emote et al, 1977,1978; Nippon Chemical Research K.K., 
1981a,b) and formulation in an aqueous sweetener mixture 
(Kamo et al., 1979). 

EXPZRiNENTAL PP.“,,, -.7-W nncnT,PDQ 

Plant Material. Fruits of Tkladiantkn grosoenori 
(Swingle) C. Jeffrey (Cucurbitaceae), purchased in both 
Hong Kong and Chicago, were identified by D.D.S. Both 
samples were obtained from plants grown in the People’s 
Republic of China. 

Isolation of Reference Mogroside V. Gram quantities 
of mogroside V were generated in the following manner. 
Powdered T. grosuenori fruits (2.75 kg) were percolated 
with methanol-water (4:1, 20 L), and the percolate was 
evaporated under reduced pressure at 55 “C to yield a 
brown gum (800 g). A portion (400 g) was adsorbed to 
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tical Sciences and Department of Medicinal Chemistry and 
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silica gel (Merck, Darmstadt, W Germany) (1 kg, 0.063-0.2 
mm), and loaded into a glass-column containing an ad- 
ditional 2.5 kg of silica gel. Separation was carried out by 
elution with mixtures of chloroform-methanol-water of 
increasing polarity. Since chloroform has been listed as 
a carcinogen by the Environmental Protection Agency, 
chromatographic separations using this solvent were car- 
ried out in walk-in fume hood. Elution with chloroform- 
methanol-water (30:8:1) afforded a series of fractions 
containing mogroside V, that were combined and dried to 
produce 22 g of a residue. Aliquota (2 g x 5) of this residue 
were purified in batch-wise fashion, by dilution in water 
(10 mL) and passage through an ion-exchange column 
(Amber&e IRA-410 C.P., strongly basic, 200 g) (Mal- 
linckrodt Chemical Works, St Louis, MO) by elution with 
250 mL of water. On combining these eluates, partially 
purified mcgroside V (5 g) was thereby obtained free from 
polar colored contaminants. Final purification of a portion 
of this material (3.6 g) was effectad by isocratic elution over 
a gravity column containing silica gel (200 g) with chlo- 
roform-methanol-water (45122). Altogether, 40 fractions 
(500 mL each) were collected, and when fractions 28 
through 34 were pooled and dried, 2.3 g of pure mogroside 
V was obtained as a powder? -mp-194-196°C, [@‘n -16.3“ 
(c 1.6, HsO) [lit. mp 197-201 “C; [a]n -9.4“ (c 0.5, HsO) 
(Takemom et al., 1983a)]. Purity of the isolate was in- 
dicated by its appearance as a single zone after TLC on 
silica gel GHLF (Analtech, Inc., Newark, DE), using as 
solvents chloroform-methanol-water (1O:lO:l) (R, 0.31), 
I-butanol-acetic acid-water (4:l:l) (RI 0.23), and l-buta- 
no&ethyl acetate-2-propanol-water (40:20:14:7) CR, 0.15). 
Visualization was effected after TLC with 60% w/v sul- 
furic acid (110 “C, 10 min), whereupon mogroside V ap- 
peared as a purpIe spot in daylight. The molecular weight 
of this isolate was determined as 1286 d&on bv fast-atom 
bombardment mass spectrometry, a value which is con- 
sistent with the eiemental composition (C&llOsO& of 
anhydrous mogroside V (Takemoto et al., 1983a). Con- 
firmation of this identification was made by hydrolysis of 
200 mg of mogroside V, dissolved in 200 mL of citric 
acid-&sodium hydrogen phosphate buffer at pH 4, with 
20 mL of commercial pectinase (Corning Biosystems, 
Corning, N.Y.) at 37 “C for 140 h. On extraction into 
chloroform, workup, and crystallization from methanol, 
47 mg of mogrol was obtained: mp 120-122 “C; [alssn 
+65.0° (c 0.76, CHCls). Anal. Found: C, 72.78; H. 10.48. 
Cs0H5rOd.H?0 requires: C. 72.87; H, 10.93%. [Lit. mp 
118-119 OC; [a]r’o +70.0° (MeOH), C&HssO( (Takemoto 
et al., 1976)]. This hydrolyzate exhibited IR, ‘H NMR. 
and MS data that were closely comparable to literature 
data for mogrol (Takemoto et al., 1983b). 

HPLC Analysis. HPLC analysis was conducted with 
a Model 324 gradient liquid chromatograpb (Beckman 
Instruments, Berkeley, CAj equipped with a 421 micro- . . . . 
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processor controller, Model 1OOA  and 1lOA  pumps, with
an added stop-flow valve, and a Model 210 sample injector.
A Model LC-85 variable wavelength W spectrometer with
LC-75 Autocontrol (Perk&Elmer, Norwalk, CT) and an
Altax  C-RlA recorder (Shimadzu  Seisakusho, Kyoto, Ja-
pan) was also employed. Solvents used in this study were
of HPLC grade and were degas& before use by fdtration
through an Ultipor NR 0.2 pm filter (Rainin  Instrument
Co., Wobum, MA) by using a microfdtering apparatus
(Sibata, Tokyo, Japan).

The following operating conditions were used for HPLC
analysis: column, Zorbax NHs,  25 cm X 4.6 mm i.d.;
particle size, 7 pm (DuPont, Wilmington, DE); eluting
solvent, acetonitrile-water (8~1, pH 5 with HsPO,); flow-
rate, 2 mL/mim wavelength of UV detector, 210 nm;
pressure, 1200 psi; sensitivity setting, 0.04 a.uf.3.;  recorder
chart speed, 10 mm/min; temperature, ambient.

A Beer’s law curve was obtained from triplicate injec-
tions of pure mogroside V, dissolved in acetonitrile-water
(l:l), at levels of 2.0, 5.0, 10.0, 15.0, and 20.0 pg per in-
jection. Peak height measurement was wed and a linear
regression equation was established. Mogroside V that
eluted from the HPLC column was established as being
pure after TLC analysis in the three solvent systems de-
s c r i b e d  p r e v i o u s l y .

Extraction of Plant Material for HPLC. Dried,
powdered fruits of 2’.  grosuenori (1.0 g) were suspended
in water (20 n&J, and heated at 45 “C for 4 h. The soluble
portion was filtered, the mart washed with water (10 mL),
and the filtrates (30 mL) were combined. Further ex-
traction of the mart with wam8s shown by analytical
TLC to provide no additional mogroside V. TLC was
carried out according to previously mentioned protocols.
When chloroform-methanol-water (1O:lO:l)  was used as
solvent, a detection limit of 0.25 pg of mogroside V was
possible. The combined aqueous extract was washed with
3 X 30 mL chloroform, and the chloroform layers back-
washed with water (30 mL). The total aqueous extraction
(60 mL) was then evaporated under reduced pressure at
45 ‘C to a 10-n& volume. A 2-mL aliquot was then passed
into a previously washed precolumn (7 cm x 5 mm, i.d.),
packed with Cis  Phase Bonded Hi-Flosil  (Applied Science
Laboratories, State College, PA), and polar impurities were
removed by elution with 2 mL of water. An extract con-
taining mogroside V was eluted from the precolumn with
3 cT. of acatonitrilewater  (I$  and was faltered  for HPLC
ii .ion.

‘?‘riplicate  IO-pL injections of each sample extract ob-
tained for T. grosuenori whole fruit, peal, endocarp (pulp),
and seeds were made, and peak heights were measured.
Dam were compiled for two 2’.  grosuenori samples that
were available to this investigation.

Recovery Experiments. Standard mogroside V (7.0
mg) was added  to 1.0 e of the exhausted mart from T
grosvenori  fruits by d&solution in 5 mL of water and
evaporation of solvent under reduced pressure at 45 “C.
The spiked mart  was taken through the entire extraction
procedure, the triplicate IO-pL portions of the resulting
extract were injected into the HPLC column to determine
the percent recovery of mogroside V by the presently de-
s&bed method. The recovery experiment was performed
a i of three times.

RESULTS AND DISCUSSION
In Figure 1, an HPLC chromatogrsm  of underivatized

mogroside V is shown. A retention time of 6.9 min was
obtained for this compound under the chromatographic
conditions used. h linear calibration curve b = 0.36 +
0.36x.  correlation coefficient r = 0.99978) for peak height
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Figure I. HPLC chromatograms  of (A) pure mogroside V and
(B)  mogroside V ss a constituent of an aqueous extract of
Thladiantha  grosvenori  whole fruits, purchased in Hong Kong.
For operating conditions, see text.

against quantity injected was obtained for mogroside V
over the range Z-20 pg. The limit of detection at the 0.04
au&  detector setting was 2 ccg, as determined by injecting
decreasing volumes of a standard 1 mg/mL solution of
mogroside V, until the signal-to-noise ratio was about 3~1.

Although we found the isolation of mogroside V from
T. grosuenori fruits in completely pure form to require
considerable attention, it may be seen from Figure 1 that
adequate resolution of this compound from other polar
constituents  was achieved by using the HPLC  me+bodc!cgy
described here, which involved comparatively little sample
cleanup. After controlled experiments to determine the
effectiveness of the extraction procedure, the recovery of
a standard amount of mogroside V was determined as
82%. The concentration levels of mogroside V in two
samples of authenticated T.  grosoenori fruits available to
us were sample 1 (purchased in Hong Kong), whole fruits,
1.29% w/w, peel, 1.26% w/w,endocarp,  1.56% w/w, seeds,
0.24% w/w and sample 2 (purchased in Chicago), whole
fruits, 0.80% w/w, peel, 0.81% w/w, endocarp, 1.37% w/w,
seeds, 0.51% w/w. Therefore, in both cases, the presence
of this compound was observed at the highest concentra-
tion levels in the endocarp, when compared with other
parts of the fruit. Also, we have been able to confirm the
statement of Lee (1975)  that the rind (peel) as well  as the

._
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pulp of Lo Han Kuo fruits contains a sweet principle.
Takemoto and co-workers (1983a)  have reported the

isolation of two other sweet triterpene glycoside constitu-
ents of ?‘.  grosvenoti  fruits in addition to mogroside V,
namely, mogrosides IV and VI, which have molecular
weights of 1124 and 1448 dalton, respectively. While
mogroside VI was found to occur in very small quantities,
mogroside IV was obtained in a yield almost as high as
mogroside V (Takemoto et al., 1983a).  During our work
on T.  growertori fruita,  we have not observed by analytical
TLC or HPLC either mogroside IV or any sweet triterpene
glycoside less polar than mogroside V. However, since
mogrosides IV and V are clearly separable by reversed-
phase HPLC, in which a 25 cm X 4 mm Nucleocil C,s
column was eluted  with 42% ethanol (Takemoto et al.,
19&3a),  it is not expected that significant amounts of
mogroside IV in 7’.  groswnori  s&nples  will affect the va-
lidity of the present HPLC assay for mogroside V.

In other work performed in this laboratory on mogroside
V, this compound has been shown to be nonmutagenic and
to produce no mortality in acute toxicity experiments on
mice at doses up to 2 g/kg body weight and to exhibit an
equivalent molar sweetness intensity to the ent-kaurene
glycoside, stevioside, when tested against a standard su-
crose solution by a human taste panel (Kinghorn et al.,
1985,  unpublished results). These attributes, coupled with
the high mogroside V levels in dried 7’. grosoenori  fruits
that are reported here, could serve to stimulate further
study as to the suitability of extracts of the fruit of this
plant and its constituents as alternative high-intensity
sweeteners. It has been suggested already that T.  gros-
venori may be a suitable species for introduction into the
United States (Swingle, 1941).
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Changes  in the Polypeptide  Composition  of Peanut  (Arachis  hypogaea
L.) Seed  during  Oil Roasting

Sheikh M. Basha*  and Clyde T. Young

Free amino acids and sugars, released during roasting, are known to be major flavor precursors in roasted
pxmutj  azd they g?;e rise to pyizme  compo~~z..,Am *- %(:!I.  A c1.9 r c-~inp tyne -aa&on. 17.  order  +c-& A . ..- cru duDa  -- .._._
identify the protein/polypeptide  source of these amino acids, peanut (Arachi:  h&ogaea  L.) seeds of
Virginia, Runner, and Spanish market types were roasted in peanut oil for O-12 min and protein was
extracted and examined by gel filtration and gel electrophoresis. Gel filtration studies indicated that
roasting caused a decrease in the methionine-rich proteins and aggregation of arachin proteins. Gel
electrophoresis studies also showed a decrease in the methionine-rich protein and their polypeptides.
In addition, a polypeptide with a molecular weight of 70 COO  also gradually decreased during roasting.
In contrast. the protein and poleypeptide  composition of arachin  remained relatively unchanged during
the 12.min  roasting period. It is suggested that the polypeptide/s  of methionine-rich protein may be
involved in the formation of pyrazine compounds.

The sugar-amine nonenzymatic browning reaction has
been shown to be involved in roasted peanut flavor for-

Peanut Research Laboratory, Division of Agricultural
Sciences, Florida A&M rniversity,  Tallahassee, Florida
32307  (S.M.B.1 and Department of Food Science. North
Carolina rniversiry,  Raleigh. North Carolina iC.T.T).

mation (Pickett and Holley, 1952; Newell et al., 1967;
Mason et al., 1969). Free amino acids and free sugars
which are released during roasting are known to be major
flavor precursors in roasted peanuts (Newell et al., 1967)
and they give rise to pyrazine compounds via Millard
sugar-amine type reaction (Mason et al., 1967; Johnson
et al., 1971; Walradt et al.. 1971).  Koehler et al. (1969)
investigated the pathway for the formation of alkylated
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Stimulation  of the Gerbil’s  Gustatory Receptors  by Some  Potently  Sweet
Terpenoidst

Enrique Vasquez  and William Jakinovich, Jr.

Department of Biological Sciences, Lehman College and the Graduate School, City University of New York,
Bronx, New York 10468

N. P. Dhammika Nanayakkara, Raouf A. Hussein, Myung-Sook Chung, and A. Douglas Kinghorn’

Program for Collaborative Research in the Pharmaceutical Sciences, College of Pharmacy,
University of Illinois at Chicago, Chicago, IlIiiois 60612

The gerbil was investigated as a model for sweet taste among several highly sweet plant terpenoids and
the sweet dihydroisocoumarin phyllodulcin. Although the gerbil’schorda tympani nerve did not respond
in electrophysiological experiments to rebaudiosides B and C, steviolbioside, and phyllodulcin,
concentration-response curves were obtained for the stimulatory  sweeteners hernandulcin, mogroside
V, periandrin III, rebaudioside A, and stevioside. These compounds were more effective stimuli in the
gerbil than sucrose, in the following order of potency: rebaudioside A = stevioside = periandrin III >
hemandulcin > mogroside V > sucrose. In conditioned-taste aversion studies, gerbils trained to avoid
these five stimulatory compounds generalized an avoidance to sucrose but not to hydrochloric acid, and
except for the perception of a concomitant salty taste, our data show that these substances taste like
sucrose to gerbils, as in humans. Support is thus provided for the potential involvement of this
methodology to guide the purification of natural sweeteners from plant extracts.

There is an increasinginterest in highly sweet nonnu-
tritive and noncariogenic natural sweeteners, and over 50
such substances in more than 15 structural classes are
bias-ynthesized  by members of the plant kingdom (King-
horn and Soejarto, 1986, 1989). Several sweet plant
constituents, in either pure or partially purified form, are
used commercially as sucrose substitutes in Japan, in-
cluding the terpenoid glycosides glycyrrhixin, mogroside
V. stevioside, andrebaudioside A, thedihydroisocoumsrin
phyllodulcin, and the protein thaumatin (Ishikawa et al,
1991; Kinghorn  and Compadre, 1991). In addition,
semisyntheticcompounds based on plant constituentssuch
as neohesperidin dihydrochalcone and perihartine are
approved sweeteners in a number of countries (Horowitz
and Gentili, 1991; Kinghorn  and Compadre, 1991).

In electrophysiological gustatory experiments using the
Avfongolian  gerbil, many different classes of naturally
occurringandsyntheticsweetcompoundshavebeenshown
to stimulate the animal’s taste nerve, including sweet
monosaccharides,  disaccharides, and polyols, as well as
more potently sweet substances such as cblorosucrose,
L-cyanosuccinanilic  acid, dulcin, sodium saccharin, stevi-
aside,  and 6.chloro-n-tryptopha  (Jakinovich, 1976,1981;
Jakinzvich  ard Goldstein, 1976; Jekinovich and Oakley,
1976). Furthermore, the behavioral conditioned aversion
technique has proven to be successful in rodent studies to
identify :he taste qualities of many compounds, such as
alcohols, amino acids, aspartame, sodium saccharin, and
sugars (Garcia et al., 1974; Herness and Pfaffmann, 1986;
Jakinovich, 1981,1982;  Kasahara  et al., 1987; Kiefer and
T,awrence, 1988; Myers et al., 1989; Nachman  and Cole,
.971;Ninomiyaetal.,1984;NissenbaumandScafani,1987;

’ This work was supported, in part, by Contract NOl-
DE-02425 and Grants R03-DE-07560-01  and ROI-DE-
08937 of NIDR,  NIH (awarded to A.D.K.). Grant ROl-
NS2536-01  of the National Institute NINCDS, NIH, and
Grant SG6RR0822j  of MBRS, NIH (awarded to W.J.).

Nowlis  et al., 1980; Pritchard and Scott, 1982; Smith and
Theodore, 1984; Spector and Grill, 1988; Steward and
Krafczek, 1988; Thomesen et al., 1988). Accordingly, using
sweet compounds found to stimulate the gerbil’s chorda
tympani nerve in electrophysiological experiments, the
majority of such substances were found to resemble sucrose
in behavioral experiments using the Mongolian gerbil.
However, some of these sweet substances were not avoided
by animals trained to avoid sucrose, so it cannot beassumed
that all compounds that are “sweet” to man are ‘sweet”
to the gerbil (Jakinovich, 1981, 1982a,b).

In an ongoing program to discover novel highly sweet
natural products (Kaneda  et al., 1992),  it has been our
practice to subject extracts of sweet-tasting plants to acute
toxicity tests in mice and bacterial mutagenicity testing,
prior to evaluation for sweetness by human participants.
Toinvestigate thepossibilityofcircumventingsuchacostly
and rather inconvenient safety procedure, we have found
that a combination of gerbil electrophysiological and
conditioned taste aversion experiments could be used in
a generally reliable fashion to detect the presence or
absence of sweet-tasting terpenoid glycosides in extracts
of different polarities of three well-known sweet-tasting
p!ar,ts, tamely, ~?ms  l~rec:atorius,  Stwia  relxudiana,
and 7’hlodian&agrosoenon’i  (Jakinovich et& 199O).The
present study extends our previous effort by investigating
the effect on the gerbil’s receptors of several of the purified
sweet-tasting diterpene constituents of S. rebaudiana
(rebaudiosides A-C, stevioside, steviolbioside) (Kinghorn
and Soejerto,  1986, Tanaka, 1982) and the major triterpene
glycoside sweet principle of 7’. grosoenorii (mogroside v)
(Takemoto et al.. 1983). In addition, several other pure
plant-derived sweeteners have been evaluated in the gerbil
model: hernandulcin, a sesquiterpene constituent from
Lippic  d&cis  (Compadre et al.. 1985); periandrin III, a
triterpene glycoside from Periandra dulcis (Hashimoto
et al., 1982); and phyllodulcin, a dihydroisocoumarin
obtained from the crushed or fermented leaves of Xy-
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drangea  mucrophylln  var. Thunbergii (Arakawa  and
Nakaraki, 1959, Kinghom  and Soejarto, 1988). Since many
of these potent natural sweeteners were observed in the
present study to stimulate the gerbil’s chorda  tympani
nerve and to taste like sucrose in behavioral experiments.,
further support has been obtained for the inclusion of
experiments on the gerbil in the fractionation of sweet-
tasting plants, thereby partially offsetting the need for
human volunteer subjects.

MATEFtIALS  AND METHODS

General Procedures. Melting points  were determined on a
Kofler hot-stage insixument  and sre uncorrected. Optical
rotations, W, IR. ‘H NMB, iBc  NMB, and low-resolution mass
spectroroetry  were performed as described previously (Kaneda
et al., 1992). Analytical TLC was carried out on Merck silica gel
Gplates,with250rmthidrlayers,w~chwerevisualizedinshort-
wave W light and/or after spraying with 60% w/v H&O, and
heating at 110 ‘C for 10 min.‘ Where suitable, HPLC analysis
WBB  performed to further verify purity (Mekapngay  et al., 1984,
1985; Compadre et aL.  198’7).

Test Compounds. Hernandulcio  (1) wee synthesized in the
racemic  form by directed-aldol  condensation from 3-methyl-2
cyclohexen-l-one and 6 methyl+-hepten-2-one  and purified ae
oreviouslv  described. This comoound wee indistieeoishable
&octro&picelly and chromato&aphicaliy  from its &urslly
occurring(+)  form, (6&1’S)-hermmdulcin  (CompadreeteL,  1985,
1987). Mogroside  V (2) wee purified  from Lo Han Kuo fruits IT.
grosueaorii  (Shingle)  C. Jeffrey; recently renamed Siraitia
grosoenorii  (Swinglel  C. Jeffrey1 (Kingborn  and Cornpadre.  1991)
end characterized as described previously (Makapugay  et al.,
1985). The trhdium salt of periandrii  III (3) was generously
donated by Yemasa  Shoyu Co., Ltd. (Choei,  Chiba,  Japan) and,
after conversion to the parent compound and workup, exhibited
physical  and spectroscopic data identical to published  valuee  for
periandrin  III (3)  (Hasbimotc  et al., 19821.

vasqwz  et al.

The dihydroizoco-in,  phyllodulcin (4).  wee isolated from
the cashed leaves of H. macrophyylla  &singe  var. Thunbergii
(Sieboldl  Mekino,  kindly supplied by the late Prof. T. Tekemotc.
An initial methanol-water (4:ll  extract wae  prepared from the
dried milled plant  material (7 kg) from which the solvent was
removed. On suspension in water and partitioning with ethyl
acetate, the ethyl  acetate r&due  (350 g) was purified by gravity
column chromatography over silica gel (Merck, Dermstadt,
Germaayl,  and phyllodulcin  wee eluted  with mixtures  of petro-
leum ether-chloroform in orooortions  of 137  aod 1:~  Isolated
phyllodulcio  (4. 99  g, 1.28% ‘w/w) wee recrystelliced  as white
aeedleefromchloroform-petroleumether  Imp118119°C [a]~
+89.5O Cc 2.9, CHChl  [lit mp 11~121  ‘C; IoJ25o  +70.7-80.8’  (c
1.02. Me&O)1  (Arekawa  end Nakaseki.  195911 end exhibited_ . ._
spectroscopic date closely comparable to publiehed  values for
this  compound &nuki  et al., 19781. The identity of 4 as
phyllodolcin  was confirmed by direct comparison (mmp,  EI-
MS, ‘H NMB,  co-TLC1  to a reference sample kindly supplied by
Prof. M. Yamamoto.

Rehaudioside  A (51,rebaudioside  C (71,  andstevioside  (9)  were
isolated and characterized from S. rebarrdioac  (Bertcoil  Bertoai
leaves. as described oreviouslv.  Bebaudioaide  B (61  and stevi-
olbioside  (8) were obt&ed fro&  compounds5 and 9, respectively.
by alkaline hydrolysis. All iive  of these sweet diterpene  glycoeides
exhibited physical end spectroscopic date consistent with lit-
erature values  (Makapugay  et al., 1984).

Prior to being used in the present study, all compounds were
tested for purity by analytical  TLC and/or  HPLC. The structures
of test compounds l-9 are shown  in Figure 1.

Experimental Animsfs.  Mongolian gerbils (Meriones  an-
guiculatusl  were obteined  from Tumblebrook Farms, West
Brookfield,  MA. For electrophyeiological  experiments, male and
female animals, and were iess than 1 year  old and weighing 5~+70
g, were used. For behavioral experiments, male  gerbils  aged 7-12
weeks  were utilized and were 50-60  g in weight.

Methods. Electropir?siological  Methods. (a)  Anesthetic.
Gerbil were injected with ketamine  es the primery  anesthetic
because  it produces compiete  anesthesia in 5-10 min. The
ketamine  (100 mg,mL)  ws injected ate dose of 330 mg.‘kg  into
thegerbil’6tbighmule. !fan  animalrequiredfurtherBnest.betic

RI %
B-gkA+@A CH2CH

9 B-S B.gk’P.gk

Figure 1. Chemical structures of the highly sweet terpenoide
(I-3,  3-9)  and the dihydroisocoumaric  (4) investigated in this
study. Sugar unite: ,9-glc = @-D-glucopyranosyi;  f?-glcA  = 8-n
giucuronopyranosyl;  a-rbe = a-t-rhemnopyrsnosyi.

during the experiment, sodium pentobsrbitsl (5 mg/mL;  0.15
mL)  injected intraperitoneally  wu86  employed (Somenersin  end
Jelcinovich,  1990).

(b) Efectrophysioiogy.  Each animal  was secured to a head-
holder (Oakley and Scbaffer,  19X) which immobilized the skull.
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The method for exposing and rscording from the intact chorda
tympsni  nerve has been reported in detail (Somenemin  and
Jekinovich, 1990).

(c) Stimulation. Chemical stimulation of the tongue was
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effected by s gravity-flow funnel-tubing system through which
deionized water flowed continuously (0.13-0.17 n&/s). Test
solutions 12-4  mL1 were alternated with water without inter-
ruption of the flow. The temperatures of the water and the taste
solutions were identical, 25 f 1 OC. Each compound was tested
twice, before and after a stsndard.  Whenever the standard
solution elicited responses differing by more than 15%,  sIl
interjacent  responses were rejected.

(d)  Taste Solutions. All compounds were dissolved  in deion-
ized tap water PI megohm).  When not used  immediately, the
sweetener solutions were stored in frozen form or at 2 ‘C for later
use, when they were brought to room temperature.

(e) Mixtures. Todetermineitnonstimuiatingsweetenerswere Figure 2. Integrated neural discharge from the gerbil’s chords
tympani nerve in response to various concentrations (log scale)
of puritied  rebaudioside A (A). Nutrilite  stevioside (impure
commercial source) (0).  puri&d stevioside (D 1, and sucrose (0).
The CRm’s are shown. Bara  indicate i2SE; N for sucroee  = 14,
N for purified stevioside = 5, and N for rehaudioside A = 8.

h&acting with the sweetener taste  receptor &es, responses to
mixtures of sucroee  and a nonstimulating sweetener and of
rebaudioside A and a nonstimulating sweetener were compared
to responses  to sucrose end rebaudiaside  A (Jakinovich, 1981,
1983; Vlahopouloe  and Jakinovich, 1988).

Bekwiorol  Methods. (a) General Scope of Study. This
behavior study comprised two sets  of experiments, with the fti
to determine how the gerbils  perceived the taste of mogroside V
(2, 0.001 M) and skwioside  (9, 0.002 M).  The second set  of
experiments dealt with the perception of the taste by the gerbil
of hernandulcin  (1.0.01 M), periandrin III (3, sodium salt) (0.003
Ml, and rebaudioside A (5.0.002  M). The concentrations used
were the C&c’s (concentrations that produced half-maximal
responses), as determined from the appropriate electrophoretic
concentration-response curve, or else the maximum solubility

obtainedin  w a t e r .
(b) Conditioned Taste  Aoersion.  The following training

procedures were used in all experiments:
(I) WaterIntake Training. Onedayefterarrival,  theanimals

were housed in individual plsstic  csges  with wood chip bedding,
rather than in individusl  wire-bottom cages, to avoid health
problems (Jskinovich,  1981.1982; Jakinovich et al., 1990; Myers
et al., 1989). Two days later, all test animals  were placed on a
drinking schedule whereby they received deionized water twice
daily (from 0900 to 10:09 am. and from 3:OO  to 403  p.m.).

- Animals were fed Purina Rat Chow (Ralston Purina Co.) ad
libitum.

-(2)  Conditioned Avoidance Training. After6 days of the water

-T
training, the animals were randomly divided into three  groups
of 12 each, with the fust group trained to avoid mogroside V (2,

LT 9.001  M), t&second  group trained to avoid stevioside (9.0902
M)&d a control group trained to avoid water. The mogroside

. “-(OX91  -Ml and steviceide  (0.002 Ml solutions were used as
c&tioning  solutions in the following manner: On the Friday of

- -. k each-of tbheconseccrtiue weeks, during theusual  morning drinking
.- I p&&one  group of gerbils wsa offered a drinking bottle
: ~conGinirng~&ogioside  V, one group wss  offered stevioside, and

1 the third-group, acting se control, received only water. These
~. .=- solutions were offered for 15 min  during the morning watering

.pe&od. When each animal  fmished  drinking, its drinking tube
wea sgs&  placed in its mouth, leaving a few drops behind, and,
immediately after that, the gerbil was injected with LiCl(0.3 MI
at I W of its body weight. Shorrlysfmr  thiinjections, the animals
showediethargic.appearsnces  which lasted for several hours. This

.: entire avcidance  training procedure, sa described above, was
repeated on the following Friday, and on the Friday of each
consecutive week.

(3)  Conditioned Auoidance  Testing. On the Monday of the
third week, having allowed  2 days for the animals to recuperate,
half of the animals in each group were offered water bottles

ntamingsucrose  (0.03 Ml, while the other half  received bottles
dntaining  N&l solution (0.01 M). Then, the following morning

the animals received these two solutions in reverse order. On
Wednesday and Thursday. the above procedure was repeated.
Meeeurementeofthesmountsofparticularfluidsconsumedwere
made by weighing the drinking bottles immediately after each
animal  stopped drinking. During the afternoon drinking period,
all animals received only deionized water.

On  the Monday of the fourth week, 50 Fa of the animals  in each
group were offered water bottles containing HCl(O.01  M). while

the other half  received battles of quinine hydrochloride solution
(0.001 M). Next, on the following morning, the animals  received
those solutions in reverse order. On Wednesday and Thursday,
the above  proceduw wss repeated.

To strengthen and reinforce the aversion, the entire condi-
tioning and testing was repeated. The entire aboveindicated
behavioral procedure wss  repeated with solutions of hernendulcin
(1, 0.01 M), periandrin III  (3, sodium salt, 0.003 M),  end
rebaudioside A (5, 0.002 M).

(c)  Statistics. One-way ar&ses  of variance (ANOVA)  were
applied to the behavioral results. When significant differences
wereobserved,pairwiseanslyees(t-test)  wereperformed  between
the control and experimental groups (see Results).

RESULTS

No Electrophysiological Responses. The following
compoundsdidnotproducereaponsesinthegerbiI’schorda
tyrnpani  nerve at the concentrations used: phyllodulcin
(4), rebaudioside B (6),  rebaudioside C (71, and steviol-
bioside (8). Their maximum soiubility  in water ranged
from 1 x 10-s  to 5 x l(r M.

Electrophysiological Responses-Concentration-
Response Curves Determined. Hernandulcin  (I), mo-
groside  V (2),  periandrin III (3, sodium salt), rebaudioside
A (5), and stevioside (9) produced responses in the gerbil’s
chorda tympani  nerve. The maximum solubility  of the
compounds in water was around 0.01 M, which was lower
than that of sucrose in aII  cases. Responses to two
compounds, rebaudioside A and stevioside, that produced
concentration-responecurvaswithashapesimiIartot.hat
of sucrose, are shown in Figure 2. These  concentration
curves exhibited a sigmoidal shape with a maximum
response (Rmu)  evident, which is a characteristic of a
nomad neural sweetener taste response (Jekinovich  and
Sugarman, 1989). The R, vaiues of rebaudioside A and
stsvioside were 0.4 (sucrose R,, 1.0). The previously
published concentration-response curve of &s&side
obtained from a commercial source (Nutrilits  Products
Inc., Buena Park, CA) is included in Figure 2 for
comparison purposes (Jakinovich, 1981). SinceR,valuea
were determined, CR% data could be used as one measure
of potency (Jakinovich. 1976),  and the results obtained
were rebaudioside A CR% = 0.001 M, stevioside CRw  =
6.661  M, and sucrose CRa = 0.06 M. Another measure of
potency, the Kd value (dissociation constant, representing
the efficacy of the sweet compounds) (Biedler, 1954L  was
determined for three sweeteners using the reciprocal plot,
as expressed in Figure 3 (sucrose, 0.07 M; stevioside, 0.0013
M; rebaudioside A, 0.0014 &I). A third measure of potency,
threshold value.  was determined directly from Figure 2

/i
1

i
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Concentratioc  (II)
Figure 3. (A) Reciprocal plotofgerbil  integrated chords tympmi
mrve remmes to sucrose (SW 0). (B) Reciprocal plot of gerbil
integrate2  chorda tympani nerve responses u) rebaudioside A
(r&A, 0) and stevioside (stev,  0). C = concentration, R =
response, slope = l/R,, KdR,  = y intercept, and -& = x
intercept.

1.0

I i

F&z-e 4. Integx*d  netd riischsrgs  from the gerbil.6  cho&
tympani nerve in response to various concentrations (log scale)
of hernandulcin (A), mogrrmide  V (o), periandrin Ill (sodium
salt) (O),  and sucrose (0). Bars indicate I2SE: :\’ for sucrose =
14, N for hemanduicin  = 5, N for mogroside V = 6, and N for
periandrin III (sodium salt) = 5.

(sucrose, 0.003 M; stevioside, 0.0001 M; rebaudioside A,
0.0001 M).

We were unable to obtain complete sigmoidally shaped
(with R& concentration-response curves for three com-
pounds, hernandulcin (I), mogroside V (Z),  and periandrin
III (3; sodium salt) (Figure 4). However, since the R,,‘s
were not present, the potency of each compound was
determined from its & in the reciprocal plot (Figure 5)
(Beidler, 1954),  with the following values obtained: pe-
riandrin III, sodium salt, & = O.COO6  M; mogroside V, Kd
= 0.003 M; hernandulcin, h)d  = 0.002 M. Thresholds were
determined from Figure 4: periandrin III (sodium salt)
threshold, 0.0001 M:  mogrooside  V threshoid. O.COOl  M;
and hernandulcin threshold, 0.0003 M.

Concentration (M)
Figure 5. Reciprocal plot of gerbil integrated cbwda  tympani
nerve responses to hemandulcin  (hem, A), mogroside V (mogro,
l ), and periandrin III (sodium salt) (peri,  0).

Mixtures. The taste responses to sucrose or rebau-
dioside A were not influenced by the presence of a
nonstimulating sweetener.

Behavioral Responses. In all cases, gerbils trained to
avoid an intense natural sweetener consumed significantly
less sucrose (0.03 M) than water (Table I). Concerning
saltiness, gerbils trained to avoid hernandulcin, rebau-
dioside A, and periandrin III (sodium salt) consumed
significantly less N&l (0.01 M) than water. For sourness,
intakes of HCI (0.01 M) by all trained gerbils were no
differentfromwater. Fmally,forbittemeaa,gerbilstrained
to avoid mogroside V, hernandulcin, rebaudioside A, and
periandrin III (sodium salt) consumed significantly less
quinine hydrochloride (0.001 M) than water.

DISCUSSION

In the present gerbil electrophysiological  investigation,
the CR% in the standard sucrose concentration-response
curve waa 0.06 M, which is in general agreement with our
past gerbil studies in which the sucrose CRsc,valuearanged
from 0.015 to 0.05 M (Somenerain and Jakinovich, 1990).
Another consistency was that the sucrose concentration-
response curve was sigmoidally shaped and reached an
R, (Figure 2). However, it was found in this study that
the plant-derived sweeteners phyllodulcin  (4),  rebaudi-
asides B and C (6, 7), and steviolbioside (8) did not
stimulate the gerbil’s chorda  tympani nerve in electro-
physiological experiments (Table II). These observations
are consistent with our previous gerbi! stuty in which it
was discerned that a lack of response in thl8  regard was
evident with the following natural and artificial potently
sweet compounds: aspartame, beryllium acetate, furan
acrylonitrile, 4-(methoxymethyl)-l,Pcyclohexadiene-l-
Lclrboxaldehyde  syn-oxime, monellin, 5-nitro-2-propoxy-
slriline, and perillartine (Jakinovich, 1981).

The  electrophysiological concentration-response curves
of the purified stevioside (9) and rebaudioside A (5) used
in this investigation were also sigmoidally shaped and
reached an RmLI  of 0.4 (Figure 2). The CR50  of both these
compounds was 0.001 M. The concentration-response
curve of our previously published work using a commer-
cially available stevioside sample is anomalous because it
did not reach an R, and was not sigmoidal (Jakinovich,
1981). This distortion is probably due to the presence of
unspecified impurities, which are also thought to be
responsible for distorted concentration-response curves
in the gerbil’s chorda tympani nerve responses reported
for methyl B-D-galactopyranoside  (Jakinovich, 1985) or in
humanpsychophysicsstudies  fore-ribitol(Jakinovichaod
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Table I. Amounts (MiHilibm  f Standard Error) of Test arid Control Solutions Consumed by Gerbila  Trained To Avoid
Hibly  Sweet Plant-Derived Conltitusnta

mnditiordng  a.olution

mogvxide  V (0.001 M)
at&aside  (0.02 M)

ContmI  solution

watersucrose
wate~NaC1
water-HCI

teat  solution
0.001 h4 quinine

0.03Ms"crcma 0.1 M NaCI 0.01 M HCI hydrochloride
0.66 f 0.21e 3.19 i 0.27 1.22 * 0.22 0.54 l 0.130
0.39 f 0.06~ 3.32 f 0.31 1.06 * 0.17 1.01 f 0.21
207f0.29

2.71f0.18
1.63 f 0.07

water-quinine hydrochlcride 1.23 l 0.12
hemandulcin (0.01 M) 0.95 f 0.2F 1.52 f 0.3P 1.6 iO.38 0.76 f 0.17.
rebaudioeide  A (0.02 k) 0.21* 0.01’ 1.05 i0.31a 1.1 i 0.16 0.69 * 0.23~
pwimdriuIII(aodiumsalt)(0.003 M) 1.14 * 0.27~ 1.12 * 0.34~ 1.6 + 0.31 0.90 f 0.P

wateE3ucrme 1.81 f 0.16
waterNaC1 2.33 f 0.33
W&r-HCI 1.85 f 0.25
w&m-quinine hydro&Ioride 1.58 f 0.18

a Significant difference, p > 0.01; N = 12.

Table II. Gerbil Electroohvsiolouica1 Reswnses  to Stimuktorv Plant-Derived Sweeteners”

compound threshold, M
sucmae 0.003
mogmside  V o.O@x
heraandulcin o.Oca3
p&a&ii III  (sodium salt) o.cOo1
reheudioside  A 0.0001
stevioside 0.0001

Kd, M
0.07
0.002
0.003

%E
0.0006

sweetness to
CRm,  M humaw~  (X sucmse) ref
0.06 Beck (1974)

i-iz
d Takemoto  et al.  (1993)

1,500 Cornpadre et al.  (1985)
MY so Kinghorn  and Soejarto  (1986)
0.001 240 Kaeai et al. (1981)
0.001 140 Kasai  et al. (1981)

a TeatcompoundsareraalredaecordingtoKa.  * Thefollowingcompaun~~~es~y~~~nonst  thedosenapecitied:  phyllcdulcin
(5 x l(r M);  rebaudioside B (1 x 1W  M); rebaudioside C (1 X 1Q3 M); stevioibiaside  (1 X 103 M). c Figures are expressed aa appmximate
sweemesc int.~nsitiee  on aweight  comparison to sucrose. 4 ND, not determined.

Sugarman, 1989). The reduced R,‘s observed in the
stevioside and rebaudioside A concentration-response
curves when compared to that of sucrose suggested that
stevioside and rebaudioside A either are partial agonists
at the receptor site or else bind at a different receptor site
from sucrose (Arigns  et al., 1964). Complete concentra-
tion-response curves were not obtained for mogroside V
(2). periandrin III (3; wed aa the sodium salt), and
hernandulcln  (I). In spite of this, it was possible to rank
the potency of these sweeteners as gustatory stimuli in
the gerbil on the basis of their determined I‘& values in
the following order of decreasing magnitude: rebaudioside
A = stevioside = periandrin III (sodium salt) > heman-
d&in > mogroside V > sucrose (Table II). A similar

larking  list of potency was obtained by considering
.nreshold  and CR%  dues.

The results of the behavioral experiments showed that
the gerbil’s taste responses to hernandulcin, mogroside V,
periandrin III(sodiumsalt),rebaudioaideA,andstevioside
resemble their effects in humans. To the human, repre-
sentatives of these highly sweet natural sweeteners, for
which hedonic data have been reported, have been found
to tas’e either sweet (resembling the taste of sucrose) or
sweet-bitter (resembling the taste of sucrose and quinine)
(Compadre et al., 1985; Schiffman  et al., 1979). In the
human, all five of these natural sweeteners are sweeter
than sucrose, in the following order of potency of sweetness
intensity: hemandulcin > mogroside A > rebaudioside A
> stevicaide > periandrim III > sucrose (Table II)
(Compadre et al., 1985; Kasai et al., 1981; Klghom and
%ejarto,  1986; Takemoto et al., 1983). When the two ent-
..aurene glycoside sweeteners in this group of stimulatory
compounds are considered structurally, rebaudioside A
possesses one more glucopyranosyl moiety in its C-13-
affixed saccharide  unit than stevioside, which accordingly
confers greater sweetness and more pleasant hedonic
attributes for humans. However, the sweetness potency
of rebaudioside A is greatly diminished in human subjects
either by removal of the glucose attached to C-19 or by

--.-

substitution of a glucose moiety by rhamnose in the C-13
sugar unit, as in rebaudiosides B and C, respectively
(Kinghom and Soejarto, 1986; Tanaka, 1982).

In conclusion, a combination of two well-established
gerbil electrophysiological and behavioral assays has been
applied to a structurally diverse group of terpenoids that
are highly sweet to humans, constituted by the biaabolane
sesquiterpene hemandulcin, the cucurbitane triterpene
glycoside mogroside V, the oleansne-type triterpene
glycoside periendrin III, and the ent-kaurene-type diter-
pene glycosides  rebaudioside A and stevioside. It is
significant that the most abundant sweet constituents of
T.  grosuenorii  fruits (mogroside V) and S. rebaudiana
leaves (stevioside and rebaudioside A) have been found to
stimulate the gerbil’s taste receptors in this study, since
we have earlier shown that extracts containing these
compounds also gave positive data (Jakinovich et al., 1999).
Although these gerbil assays do not respond to all classes
ofcompoundsperceivedassweet byhumans, they do seem
to have validity for evaluating sweet-tasting terpenoids of
plant origin.
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